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TECHNICAL ASPECTS OF DETECTION AND INSPECTION 
CONTROLS OF A NUCLEAR WEAPONS TEST BAN 


TUESDAY, APRIL 19, 1960 


CONGRESS OF THE UNITED STATES, 
SPECIAL SUBCOMMITTEE ON RADIATION AND 
UBCOMMITTEE ON RESEARCH AND DEVELOPMENT, 
Jomnt CoMMITTEE ON Atomic ENERGY, 
Washington, D.C. 

The subcommittees met, pursuant to call, at 10 a.m. in room P-63, 
the Capitol, Representative Chet Holifield (chairman of the Special 
Subcommittee on Radiation) presiding. 

Present: Representatives Holifield, Price, Hosmer, Bates, and 
Westland; Senators Pastore, Gore, Hickenlooper, and Aiken. 

Also present: James T. Ramey, executive director; John T. Con- 
way, assistant director; David R. Toll, staff counsel; George F. 
Murphy, Jr., professional staff member; Edward J. Bauser, technical 
adviser; Richard T. Lunger, staff consultant; Doyle L. Northrup, 
technical consultant; Joint Committee on Atomic Energy. 

Representative Houirretp. The committee will be in order. 

This is a joint hearing of two subcommittees of the Joint Committee 
on Atomic Energy—the Subcommittee on Research and Development 
and the Special Subcommittee on Radiation. In accordance with 
our regular practice, all members of the full committee have been 
invited to attend and to participate whether or not they are members 
of the subcommittees holding the hearing. 

We begin this morning the first day of public hearings on the 
technical problems of a nuclear weapons tests ban and the necessary 
detection techniques and inspection controls. We have arranged for 
a number of leading U.S. scientists and technical experts to discuss 
in public the effectiveness of the planned control system and the 
problems we may have to face. 

It is well known that the Congress, the public, and even the execu- 
tive branch have been subjected to conflicting statements as to various 
technical problems that may or may not exist. To whatever extent it 
s possible, it is our intention—through these hearings—to make 
public in an understandable manner all available information pertinent 
to this subject. 

We hope that our witnesses will be able to separate the known from 
the unknown, and within the unknown to separate the possible from 
the impossible, and the probable from the improbable. We hope 
they will testify as much as possible in simple layman language 
easily understood by all. 

Negotiations between the United States, the United Kingdom, and 
the U.S.S.R. have been in progress since October 31, 1958—a period 
of over 17 months—in an effort to reach agreement on a treaty for the 
cessation of nuclear weapons testing under an effective control system. 
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Previously, from July 1 through August 22, 1958, technical experts 
from the West had met with experts from the East to recommend an 
effective control system. 

It was the unanimous report of the Conference of Experts, issued 
August 20, 1958, which became the basis for the diplomatic negotia- 
tions which began October 31 of that same year. Subsequently, 
however, data developed from the Hardtack series of tests proved 
some of the technical conclusions of the Conference of Experts relat- 
ing to underground testing were in error. 

It is our intention during the hearings beginning today to review 
what has been called the Geneva System recommended by the Con- 
ference of Experts, as well as the additional data subsequently de- 
veloped. We will ask our scientific and technical witnesses to discuss 
for us in layman’s language how a control system would operate and 
how effective it would be under our present state of knowledge. 

We will look into the various methods of detecting and identifying 
possible violations under various methods of testing whether it be in 
the atmosphere, underground, underwater, or what is termed high 
altitude. We will look into and try to ascertain all methods of im- 
proving detection and inspection techniques and possible methods 
wherein a potential violator would attempt to cheat. 

It is important that all presently available facts on this subject be 
brought to the attention of the Congress and the public. If and 
when a treaty is proposed, we should have an informed Congress and 
public capable of understanding what a treaty involves. Also, if we 
are to succeed in having an effective control system, it is important 
that we know and understand what the research program may 
include to improve the detection system. We should know this now 
so we can begin this research as soon as possible. 

I should like to emphasize that these hearings will be concerned 
primarily with the technical aspects of a test ban. We desire to avoid 
as much as possible any discussion of policy questions as to whether a 
test ban fits into a desirable system of disarmament. There may be 
policy questions on a test detection system, as such, which we should 
and must discuss. Such discussions, however, should be confined to 
the technical possibilities of the problem, if possible. 

We also hope to avoid emotional or philosophic discussion of the 
effects of nuclear testing in terms of radioactive fallout. The tech- 
nical aspects of the effects of fallout have been considered rather 
extensively in previous hearings. 

In order that the record may be complete and without objection, 
I will submit for the record a statement made April 11, 1960, by 
Senator Clinton P. Anderson, chairman of the Joint Committee, 1 
which he announced these hearings. 

(The statement referred to follows:) 









































Pusiic HEARINGS ON NucLEAR WEaApoNS TEsT CESSATION 





Public hearings will be held on the problems of nuclear weapons test cessation 
and the necessary inspection controls by two subcommittees of the Joint Com 
mittee on Atomic Energy, it was announced today by Senator Clinton P. Anderson. 

The hearings to be held jointly by the Subcommittee on Research and Develop 
ment and the Special Subcommittee on Radiation will begin April 19, 1960, » 
the old Supreme Court chamber (room P-63), U.S. Capitol Building, and ar 
expected to run for several days. i 

* making the announcement, Senator Anderson, who is chairman of the Joi! 
Committee, stated: 
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NUCLEAR WEAPONS TEST BAN CONTROLS 3 


“Negotiations between the United States and the United Kingdom on one 
hand and the U.S.8.R. on the other have been going on in Geneva since October 31, 
1958—over 17 months—in an effort to reach agreement on the cessation of 
nuclear weapons tests with adequate controls. Numerous conflicting stories have 
come out as to various technical problems that may or may not exist in setting 
up an adequate control system. It has been extremely difficult for the public to 
obtain accurate and complete information as to what type of control system is 
contemplated and what the technical problems may be. These hearings are being 
called in order that all presently available facts may be brought to the attention 
of the public. If a treaty is proposed, it is necessary that we have an informed 
public capable of understanding what the treaty involves.” 

Senator Anderson went on to advise that leading American scientists are being 
called to testify. Included will be Dr. Wolfgang H. Panofsky and Dr. Hans 
Bethé of the President’s Science Advisory Committee, who have participated in 
technical conferences in Geneva in an effort to establish a proper control system. 
Dr. Edward Teller, Dr. Alvin Graves, and Dr. Harold Brown, associated with the 
weapons program, will also testify. A panel of scientists including those who 
have expressed special interest in this subject such as Dr. Jay Orear and Dr. 
Harrison Brown! as well as a number of seismologists will discuss the capabilities 
of monitoring for violations during a nuclear test moratorium. 

Senator Anderson stated: 

“These hearings will be conducted in the same careful, objective manner as the 
hearings held by Congressman Chet Holifield on the nature of radioactive fallout 
and its effects on man. Universities and scientific groups throughout the world 
are using those hearings as text reference books. Experienced, knowledgeable 
scientists and other experts will be invited to testify and discuss their concepts 
and opinions on problems of nuclear test cessation and detection techniques.” 

A detailed outline of the hearings and a complete list of the witnesses is expected 
to be ready by Wednesday. 


Representative Hourrreip. I will also submit a copy of a joint 
statement by Congressman Melvin Price, chairman of the Subcom- 
mittee on Research and Development, and myself as chairman of the 
Special Subcommittee on Radiation, issued on April 17. 

(The statement referred to follows:) 


List OF SCIENTIFIC WITNESSES AND OUTLINE OF PusLiic HEARINGS APRIL 19-21 
FOR NucLtEAR WEApoNS Test CESSATION 


Kighteen leading nuclear scientists and seismologists who will testify at 3 days 
of Joint Committee hearings on nuclear test detection beginning Tuesday, April 
19, 1960, were announced today by the chairmen of the Special Subcommittee 
on Radiation and Subcommittee on Research and Development of the Joint 
Committee on Atomic Energy. 

In releasing the proposed hearings scheduled and list of witnesses, the chair- 
men of the two subcommittees, Congressman Chet Holifield and Congressman 
Melvin Price, issued the following joint statement: 

“These hearings are being called in order that all presently available facts 
may be brought to the attention of the public. It is of utmost importance that 
we have an informed public capable of understanding what a treaty or inter- 
national agreement involves should one be proposed. A number of conflicting 
statements have been made as to various technical problems that may or may 
not exist in the operation of an adequate control and detection system. As we 
have done ic the past in our hearings we intend to bring together a representative 
group of the leading scientists and technical experts in these areas so that through 
their testimony and panel discussions we may determine the facts.”’ 

Among those scheduled to testify are the following: Dr. Lloyd V. Berkner,? 
Dr. Wolfgang H. Panofsky, Dr. Hans A. Bethe and Dr. Edward Teller. 

Congressmen Holifield and Price concluded by stating: 

‘“‘We wish to emphasize that these hearings will be concerned with the technical 
aspects of a test ban, and particularly to consider the type of research and de- 
velopment programs necessary for a workable system of detection and inspection.” 
A detailed outline of the hearings and a complete list of the witnesses is attached. 


Representative Hotirretp. I will also at this point in the record, 
and without objection, introduce an outline of the hearings with the 





1 Dr. Harrison Brown notified the committee he was unable to attend. 
2 Dr. Berkner notified the committee he was unable to attend. 
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names of the witnesses and the specific topics which they will discuss. 
Also as an appendix to these hearings will be a “Glossary of Terms,” 
which I believe will be very helpful to the layman reading this pub- 
lication. (See attachment 1, p. 419.) 

(The outline referred to follows:) 


Joint COMMITTEE ON Atomic ENERGY 


SpreciAL SUBCOMMITTEE ON RADIATION AND SUBCOMMITTEE ON RESEARCH AND 
DEVELOPMENT 


PRoposED OUTLINE FOR PuBLIC HEARINGS ON NucLEAR Test DErectTION, 
APRIL 19-21, 1960* 


TUESDAY, APRIL 19, 1960 


Morning session: 10 a.m. Afternoon session: 2 p.m. Location: Room P-63, 
old Supreme Court chamber, the Capitol Building. 


1. An explanation of the Geneva system and what it is designed to accomplish, 
This discussion is to include the history of the Conference of Experts. 
Witness: Dr. Harold Brown, Lawrence Radiation Laboratory, Liver- 
more, Calif. 
A presentation of the results of Technical Working Group I (High Altitude). 
Witness: Dr. Wolfgang H. Panofsky, High Energy Physics Laboratory, 
Stanford University, Palo Alto, Calif. 
3. A presentation of the results of Technical Working Group II (New Data). 
Witnesses: Dr. Wolfgang H. Panofsky, Dr. Harold Brown. 
4. Discussion of a Geneva type international control system now possible under 
the present state of knowledge. 
A. Capabilities and limitations for detection of underground tests. 
(1) Numbers of events detected and identified as a function of signal strength. 
Witnesses: Dr. Carl F. Romney, Air Force Technical Applications 
Center, Washington, D.C. (AFTAC) and Dr. Richard Latter, the Rand 
Corp., Santa Monica, Calif. 
Means of improvement. 
Witness: Dr. Carl F. Romney. 
Means of circumventing detection (decoupling). 
The theory of decoupling and the results of the Cowboy series. 
Witness: Dr. Albert R. Latter, Rand Corp., Santa Monica, Calif. 
The feasibility of construction of large cavities—cost—time scale. 
Witness: Mr. L. P. Meade, Phillips Petroleum Co. 
Additional techniques of decoupling. 
Witness: Dr. Edward Teller, Lawrence Radiation Laboratory, Liver- 
more, Calif. and Dr. Hans A. Bethé, Cornell University, Ithaea, N.Y. 


WEDNESDAY, APRIL 20, 1960 


Morning session: 10 a.m. Afternoon session: 2 p.m. Location: Room P-63, 
old Supreme Court chamber, the Capitol Building. 


4. Discussion of a Geneva type international control system now possible under 
the present state of knowledge (continued). 
B. Capabilities for detecting tests in the atmosphere at high altitude and in space. 
(1) General discussion of capabilities. 
Witnesses: Dr. Wolfgang H. Panofsky, Dr. Richard Latter, Rand Corp., 
Santa Monica, Calif. 
(2) Satellite vehicle requirements for reporting the system. 
Witness: Dr. Allen F, Donovan, Space Technology Laboratory, Los 
Angeles, Calif. 
(3) Time scale data for achieving the capability. 
Witness: Dr. Richard Taschek, Los Alamos Scientific Laboratory, Los 
Alamos, N. Mex. 
C. Requirements (dollars and manpower) for the underground and space systems. 
Witness: Mr. Carleton M. Beyer, Advanced Research Projects Agency, 
Department of Defense. 
5. Procedures, capabilities, techniques and limitations of onsite inspection. 
A. Procedures and techniques of onsite inspection. 


*A full list of witnesses in order of appearance will be found in attachment 2, p. 424. 
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(1) Team phasing. 
(2) Individual techniques. 
(3) Future programs and requirements. 
Witness: Dr. Richard M. Foose, Department of Earth Sciences, Stan- 
ford Research Institute, Menlo Park, Calif. 
B. Capabilities. 
1. Methods of testing. 
2. Nature of zones underground. 
Witness: Dr. Charles E. Violet, Lawrence Radiation Laboratory, Liver- 
more, Calif. 
C. Methods of detection of cavities. 
Witness: Dr. Roland Beers, Consultant in Seismic Techniques, Troy, 
Ive 
THURSDAY, APRIL 21, 1960 


Morning session: 10 a.m. Afternoon session: 2 p.m. Location: To be 
announced. 
6. Critique of capabilities of monitoring nuclear tests during a moratorium. 
Panel members: 
Dr. Roland Beers, seismic consultant, Troy, N.Y. 
Dr. Hans Bethé, Physics Department, Cornell University, Ithaca, 
ets 
Dr. Harold Brown, Lawrence Radiation Laboratory, Livermore, 
Calif. 
Dr. Dean S. Carder, Chief Seismologist, U.S. Coast and Geodetic 
Survey, Washington, D.C. 
Dr. Alvin C. Graves, Los Alamos Scientific Laboratory, Los Alamos, 
N. Mex. 
Dr. Richard Latter, Rand Corp., Santa Monica, Calif. 
Dr. Jack E. Oliver, Lamont Geological Observatory, Columbia 
University, New York, N.Y. 
Dr. Jay Orear, Physics Department, Cornell University, Ithaca, 
N.Y. 
Dr. Richard E. Roberts, Carnegie Institution, Washington, D.C. 
Dr. Carl F. Romney, Headquarters USAF, Air Force Technical 
Applications Center, Washington, D.C. 
Dr. Edward Teller, Lawrence Radiation Laboratory, Livermore, 
Calif. 
Dr. Harold Urey, University of California, Scripps Institute of 
Oceanography, La Jolla, Calif. 
7. Program requirements for any agreed on period of “cooperative research” to 
include: 
A. General research program requirements. 
Witnesses: Dr. Richard Latter, Mr. Carleton M. Beyer. 
B. Requirements for chemical and/or nuclear detonations to include schedules 
and costs. 
(1) Basie criteria. 
Witness: Dr. Richard Latter. 
(2) Experimentation schedules and costs. 
Witness: Dr. Gerald W. Johnson. 
(3) Seismic instrumentation requirements. 
Witness: Dr. Carl F. Romney. 
C. Requirements for detection equipment and techniques to include schedules 
and costs. 
(1) Seismic. 
Witness: Dr. Carl F. Romney. 
(2) High altitude detection techniques. 
Witnesses: Dr. Richard Taschek, Dr. Richard Latter. 


Representative Houirretp. Every effort has been made to review 
the overall pertinent technical areas and to select our witnesses on 
the basis of their special knowledge of the individual topics they will 
be discussing. As the hearing progresses, we may find additional 
topics that should be covered and additional witnesses with special 
competency in those areas. The Chair accordingly reserves the right 
to augment the outline and to call additional witnesses at the direc- 
tion of the committee. 
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Following each witness’ oral testimony and the question and answer 
period, we will place his formal statement in the record. Also we 
will insert a biographical sketch of each witness. 

Our first witness this morning will be Dr. Harold Brown of the 
Lawrence Radiation Laboratory, Livermore, Calif. Dr. Brown, who 
was one of the American representatives at the Conference of Exper ts 
in Geneva July and August 1958, will discuss the control system rec- 
ommended by the Conference and discuss what it is designed to 
accomplish. 

Dr. Brown, we are pleased to have you with us this morning and 
you may proceed. 


STATEMENT OF DR. HAROLD BROWN,’ LAWRENCE RADIATION 
LABORATORY, LIVERMORE, CALIF. 


Dr. Brown. Mr. Chairman and members of the committee, it is 
a great pleasure to appear before you. The purpose of this talk is to 
explain the matters which were considered by the Conference of Ex- 
perts which met in Geneva the summer of 1958 and to outline the 
conclusions which that conference reached (app. 1, p. 479). I will also 
say something about the uncertainties which were recognized to exist 
at the time and the matters which were then omitted from considera- 
tion for a variety of reasons. 

The Conference of Experts considered a number of techniques for 
the detection and identification of nuclear explosions, attempting to 
evaluate them on the basis of what was then known. These methods 
include the air acoustic and hydroacoustic signals, the collection of 
radioactive debris from the atmosphere, the electromagnetic signal, 
and the seismic waves from an explosion. 

They also include the detection of nuclear radiation by earth satel- 
lites and the measurement of ionospheric disturbances for the detec- 
tion and identification of nuclear explosions high in the atmosphere 
or in deep space. 

During the Conference of Experts it became apparent, as was no 
surprise to anyone that the Soviets were in favor of as small a number 
of stations and as minimal an accessibility by the control organization 
to the Soviet Union as they could get the Western delegation to agree 
to. 

Their action in this direction took the form of exaggeration of the 
capabilities of each of the methods for detection. By producing 
experimental evidence or more accurate theories than the Soviets, 
the Western delegation was able to get its evaluation of the individual 
capabilities agreed to by the Soviets, although the language was not 
always as clear as could have been hoped had the Soviets been operat- 
ing on a purely technical basis. 

The Soviet de legation did finally agree to a number of points which 
are important as matters of principle. They did agree to the dispatch 
of special flights for the detection of possible radioactive clouds where 
there were acoustic or electromagnetic indications of possible nuclear 
~ 4 Born in New Y ork in 1927. He received the A.B. degree in 1945, the A.M. in 1946, and the Ph. D. in 1949 
from Columbia University. "ite was a lecturer and staff member at Columbia from 1947 to 1950, and lecturer 
at Stephens Institute of’ Technology in 1949-50. In 1950 he joined the staff of the University of California 
Radiation Laboratory, Berkeley, and was a lecturer in physics in 1951-52. Went to UCRL Livermore in 


1952 as an original member of the laboratory‘s staff, became a division leader in physics in 1955, was appointed 
an associate director in 1958, and in 1959 was appointed deputy director of the Lawrence Radiation Labora- 


tory at Livermore. 
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explosions. It was also agreed that completely contained underground 
nuclear explosions, although they could be detected down to some 
yield by this system, could not be identified by seismic readings. 

Consequently, the report indicated that for seismic events not 
identified as earthquakes by the control posts, inspection at the site 
of the event would be necessary in order to identify it either as an 
explosion or as an earthquake. 

No agreement was reached at that time on recommendations for 
the apparatus to be used for the detection of nuclear explosions in 
the outer atmosphere or in space, although certain statements were 
made about the capabilities of some of these methods. 

The report of the conference concluded that for nuclear weapons 
explosions of one kiloton or more in the atmosphere up to about 50 
kilometers and for nuclear explosions in the oceans there would be a 
fairly high probability of identification on the basis of the remote 
signals, together in some cases with onsite inspection. 

This capability rests principally on the air-acoustic and radioactive 
debris techniques for the explosions in the atmosphere, supplemented 
in the case of explosions on the surface by an onsite search for radio- 
activity. The electromagnetic signal, although useful as confirmatory 
evidence, can be greatly decreased by surrounding the explosion with 
tons of shielding material, and, therefore, its absence does not con- 
stitute evidence that the event is not a nuclear explosion. 

There are areas over the oceans where the net spacing is rather sparse 
and where atmospheric explosions of 1 or even severa! kilotons might 
often fail to be detected. However, as a general rule the statement on 
capability for these atmospheric explosions corresponded to a rather 
high probability of detection and identification. 

Thus, for the acoustic method the spacing of 1,700 kilometers gave 
probabilities of 70 to 90 percent detection of the acoustic signal of a 
kiloton explosion at enough stations to locate the event. In addition, 
the radioactivity present in the atmosphere or in the ocean would, 
with substantial probability, provide confirmation. 

This technique would enable the natural events occurring with fair 
frequency—perhaps 100 annually worldwide of 1 kiloton acoustic 
equivalent—which simulate the acoustic signals by nuclear explosions 
to be eliminated by a cursory onsite inspection. These events are 
principally meteors or volcano eruptions. It is thus apparent that 
for explosions in the atmosphere there would be a substantial prob- 
ability—of the order of 50 percent—of detection and identification in 
the range of 1 or 2 kilotons even if elaborate attempts were made at 
concealment. 

This may not be true everywhere in the world. It may not be true 
in the areas of the ocean where there is no land to put stations on, but 
it is by and large correct. 

I mention all of this as background to indicate the kind of identifica- 
tion probability that was considered adequate for control in the case 
of atmospheric explosions. 

In the case of explosions in space, an estimate was made of the 
capabilities of the earth satellite system for the detection of nuclear 
explosions. It was estimated that unshielded nuclear explosions of 1 
kiloton could be detected at a distance up to hundreds of thousands of 
kilometers by their gamma radiations. Shielding was known to be 
able to reduce this capability, but no precise estimate was made. 
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The exact range of detection was known to depend on the back- 
grounds of radiation which would be encountered by the satellites in 
the vicinity of the earth, about which not very much was known in 
1958 except the existence of the Van Allen Belt, together with some 
very preliminary ideas of its nature. 

As to underground nuclear explosions, everything was normalized 
or calibrated to the coupling, that is, the degree of energy transfer into 
seismic waves, observed in the Rainier explosion in September 1957 
which was the only underground nuclear explosion carried out before 
the Conference of Experts so far as we know. 

Representative Houirretp. Could you elaborate on that particular 
explosion, tell what it was and what type of earth it was exploded in? 

Dr. Brown. Yes, sir. It was a 1.7-kiloton explosion, exploded 
approximately 800 or 900 feet below the surface at the Nevada test 
site. The material in which it was exploded is known as tuff. It isa 
potassium aluminum silicate which is porous, but the pores are filled 
with water. 

As I will mention later, explosions in different types of material 
would be expected to behave differently. 

Representative Hoxirretp. Then in the 1958 conference you had 
before it the results of that particular explosion? 

Dr. Brown. Yes, sir. 

Representative Hotirretp. An underground explosion? 

Dr. Brown. Yes, sir. 

Representative Hoxiriretp. Did it have before it any other under- 
ground explosion? 

Dr. Brown. There was sparse evidence on large explosions of a 
chemical nature, none of which, however, was completely contained; 
that is, they were always close enough to the surface so that they would 
vent into the atmosphere. This could produce, and we believe it did 
produce, quite different seismic signals. 

In addition, many of the chemical explosions that had taken place 
before then, had been extended charges; that is, they extended over 
hundreds of yards and in some cases over 1,000 vards. This again 
makes a quite different coupling into the various kinds of seismic 
waves. 

Although the Soviets did present some evidence on these chemical 
explosions, I think we were able to convince them that the most ap- 
plicable data which existed at that time were from the Rainier explo- 
sion, and by and large I would say that the experts’ report was based 
pr incipally on those data, which included such things as the size of the 
seismic signal as a function of the distance from “the explosion, the 
frequency “of the seismic waves from the explosion, and so on. 

Representative Hotirretp. We understand that the Soviets have 
had quite a number of chemical-type underground explosions over the 
past few years. Did they make available to the conference their data 
on their tests? 

Dr. Brown. By no means complete data. I think it is true that 
they showed some seismic traces from some of these explosions. 
But there has been nothing like complete access to that data in 
contrast with what has been the case with the seismic data from our 
underground explosions. 

Representative HouirieLp. The United States had made available 
its underground explosion data, both chemical and nuclear? 
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Dr. Brown. Yes, sir. 


A footnote in the report of the Conference of Experts pointed out 
that smaller couplings than this might be possible. That is to say, 
the same yield explosion might be made to give smaller seismic signals. 
If so, then all the statements made about 5 kilotons in that report, 
for example, would correspond to yields of underground explosions 
equal to 5 kilotons times whatever the factor of reduction in coupling 
was. 

So if the factor of reduction in the coupling was five, that would 
correspond to 25 kilotons. If the factor of reduction in coupling was a 
hundred, it would correspond to 500 kilotons. 

At the time of the Conference of Experts, it was believed that other 
media might have coupling less than Rainier or more than Rainier 
by a factor of a few, depending on how the properties of the medium 
compared with those of Nevada tuff in which the Rainier explosion 
took place. 

Representative Hoxirietp. At this point would you—maybe you 
do it later in your statement—would you explain for the record the 
difference in recording of a test in granite, let us say, and in tuff, and 
in voleanic ash and in other strata of earth formation? 

Dr. Brown. Sir, it is a little difficult to say because we have not 
yet had nuclear explosions underground in anything but this voleanic 
tuff. People have looked at this theoretically. I must say that their 
conclusions are very tentative because this is an area in which the 
behavior of materials is not very well known. 

This results from the inelastic behavior of materials when the pres- 
sures are high enough to make them crack and crush and even in some 
cases melt. However, some preliminary theoretical work has been 
done (it would be very valuable to have experiments to try to verify 
this). It indicates that if one goes to other kinds of rock, for example 
granite, one might—and I say only might, so as to emphasize the 
preliminary nature of these calculations—expect that at a distance 
of several hundred kilometers, for example, the amplitude of the seis- 
mic waves that were seen would be a fraction, perhaps a third or so, 
of what they were in tuff. 

Representative Houirretp. Do you base this on chemical-type 
explosions in different types of soil, or is this a theoretical calculation? 

Dr. Brown. We base it principally on theoretical calculations. 
However, there are some experiments with chemical explosions. I 
think one must be very cautious in extrapolating these on this 
particular point. 

Representative Houirietp. We have a section in the hearings 
that will be devoted to this subject, we will go into this in more detail 
at that time. 

Dr. Brown. Yes, sir. I think I should say that insofar as that 
evidence says anything, it does say that there is a factor of two or 
three difference between tuff and salt, which is another example of 
hard rock when closely coupled. 

The thought that decouplings of a large factor, of the order of 
hundreds, might exist had occurred to many of us, but no clear inder- 
standing existed at that time about what the modification of the me- 
dium would be necessary in order to make this decoupling take place. 
In the absence of such understanding, the possibility of large de- 
coupling was pretty generally ignored. 
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The Conference concluded that the sytem would be able to locate, 
in seismic regions where the separation of stations was 1,000 kilo- 
meters, most earthquakes or underground explosions whose seismic 
signals were greater than or equal to that from a 1-kiloton nuclear 
explosion with Rainier coupling. 

In seismic regions, where the spacing is rather larger—1,700 kilo- 
meters—one can calculate that the yield required for a good probability 
of location, on the basis of information available to the Conference, is 
about 5 kilotons equivalent yield. For location purposes, one needs 
to be able to obtain a clear time of arrival from at least three or four 
seismic stations. 

These estimates are based on that number of stations detecting the 
arrival of the event. Failing this criterion, one can perhaps obtain 
wiggles on One or more seismic graphs w hich are due to the seismic 
event—be it earthquake or explosion—but it cannot be said to be 
detected in any true sense if its position is unknown. 

Representative Houiristp. I might say we have a blackboard 
available in case you want to use it at any time, Dr. Brown. 

Dr. Brown. Thank you very much, sir. 

Senator Gorr. May I ask a question, Mr. Chairman? 

Representative Hotirreip. Senator Gore? 

Senator Gor. Doctor, you speak of location and then you say it 
cannot be said to be detected in any true sense if its position is un- 
known. If you, by three seismographic installations, are able in the 
terms in which you speak here to locate an underground explosion, 
how exact do you mean that the location could be determined? 

Dr. Brown. I can go into a little detail on that later, but let me 
say something about it now. In principle, one can locate to the order 
of a radius of 5 to 8 kilometers, perhaps. The area of uncertainty 
will not be a circle. It is a few hundred square kilometers. 

Senator Gorr. An area 5 miles in diameter? 

Dr. Brown. About 5 miles in radius, sir. But that is only 
principle. 

Senator Gorn. It would be 10 miles in diameter? 

Dr. Brown. That is correct. In fact, as I will mention later on, 
the area may be considerably larger than that if the anomalies in the 
travel time of seismic waves are not well known, which is the case in 
most places. So let me say this: The area would be somewhere 
between 100 square miles and 400 square miles. 

Senator Gorr. 100 and 400 square miles? 

Dr. Brown. Yes. That is not quite what the Experts’ Conference 
report says, but it says almost that. It says that the area is 100 or 

200 square kilometers (and 200 square kilometers is about 100 square 
miles), providing that one can surround the event with a large number 
of stations. 

Senator Gore. So what you really mean is that by instrumenta- 
tion you can locate an area in which a suspicious event has occurred? 

Dr. Brown. Yes, sir. 

Senator Gore. An area varying in size from 100 to 400 square 
miles? 

Dr. Brown. That is correct. 

Senator Gorn. Then to bring about an exact location, this par- 
ticular area must be searched by an on-the-spot inspection team? 

Dr. Brown. That is correct, sir. 
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Senator Gore. How would they search? 
Dr. Brown. There is a whole session on this this afternoon or 
tomorrow, but I can say a little bit about it if you would like to hear 
something about it now. 

Senator Gore. I will wait and let it come in its proper order. I 
was curious about your use of the term “location” and exactly what 
you meant. 

Dr. Brown. It is a very important point that you bring out. 

Representative Hoxir1eLp. I think you can answer the Senator’s 
question in a brief sentence. 

Dr. Brown. Surely. The idea would be to use geophysical methods 
of prospecting to try to locate more accurately. Also, to look for un- 
usual human activity, which is a detective rather than a scientific 
activity. 

In the geophysical method you would do such things as look for 
broken areas and to see if you can see disturbed areas below the sur- 
face. The other general method is to look for signs of unusual human 
activity, which everyone defines in a different way. 

Senator Gore. By “unusual human activity” you mean a road built 
to a tunnel under the mountain? 

Dr. Brown. For example, if that is an unusual human activity. 
There are lots of mines. 

Senator Gore. I will not press you on ‘‘unusual human activities.” 
There are many. I do not know of many norms. 

Dr. Brown. Now one cannot tell from seismic signals that an event 
is an underground explosion. It is, therefore, important to note that 
there are a very large number of seismic events annually which gives 
signals equal in magnitude to that produced by a nuclear explosion 
of one kiloton or more with Rainier coupling. 

One then asks how many of the seismic signals produced by earth- 
quakes can be identified as such by the system of seismic detection 
posts, so as to find out whether one can keep the system from being 
swamped by the number of events which could be nuclear explosions. 

The Conference of Experts tried to find a number of such possible 
distinguishing characteristics. About half of the earthquakes may be 
eliminated on the basis of their taking place underneath the ocean 
floor where the depth of the floor is presumably too deep for nuclear 
explosions to be carried out in any foreseeable way. 

There are also a number of earthquakes on the continents whose 
depth of focus can be established as being too deep for humans to have 
reached. However, these amount at present to only about 10 per- 
cent. The Conference of Experts adopted as a principal technique 
which the system would use to identify earthquakes, as such, the 
so-called criterion of first motion. It is generally considered—and 
almost an article of faith among seismologists—that a large enough 
underground explosion should be characterized by a positive first 
motion at all seismic stations which detect it. In other words, an 
explosion should produce an initial outward motion in all directions 
which should be seen provided that the seismic signal is large enough. 

Senator Gore. Those are not unusual human events? 

Dr. Brown. No, sir. 

Representative Hotir1eLp. Would you show on the blackboard 
what you mean by this outward explosion? 

Dr. Brown. Yes, sir. 
55625—60—pt. 1—_—-2 
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Here is the surface of the earth [indicating on the blackboard] and 
here is, let us say, an explosion. The earth is supposed to move out- 
ward in all directions from the explosion. 

What actually happens is that there is a discontinuity some tens of 
kilometers below the surface and a wave goes down like this, along 
the discontinuity and back up again. If there is a seismic station 
up here, this should produce an upward motion. ‘That is what people 
mean when they sav a positive first motion. 

Representative Hosmer. Will you draw a line up above to show 
the curve of the seismic disorder? 

Dr. Brown. Yes, sir. It would look roughly like this and that 
would be the positive first motion. That would presumably be the 
same in all directions and at all distances. Theoretically, that is. 
I will say a little more in a moment about what actually happens. 

Representative Ho.irreLp. Put stations at the four corners and we 
will assume they are the required distance of 1,000 kilometers apart. 

Dr. Brown. Yes, sir. 

Representative Houirreip. Will you explain at this time, leaving 
your illustration as it is, how you would detect the location of the 
event? 

Dr. Brown. If one looks down, here is the source and here are 
some stations. One sees the time at which this wave arrives and one 
knows, not terribly well—that is what causes the position uncertaintvy— 
the velocity with which the seismic waves move 

One can, therefore, draw a circle—it is not a circle; it is a hyperbola, 
I suppose—for each pair of these stations and say that that pair of 
stations tells you that the source lies somewhere on that line. You 
will get several such curves and where they intersect—and they do 
not intersect at a point because you do not know this velocity well 
enough—that is the approximate location of the event. 

This is very much like sound ranging in artillery fire, for example. 
If you can hear a thing from a number of points and you know the 
velocity of the sound wave you can tell roughly where the sound wave 
originated. The same thing is roughly true for these. 

For an earthquake, what is supposed to happen is that there is a 
slip like that. The ground above moves this way and that below 
moves in the other direction. What that means is that in some direc- 
tions you will have again a positive upward first motion. However, 
in other direc ‘tions, out here for example, what you would see is this, 
where the ground is moving down and you will have a negative first 
motion and that curve will look like this. 

Let me repeat, this is the theory. It is, in fact, much more com- 
plicated. 

Representative Hoirretp. Between the two there, at the initial 
starting of the motion in the case of the earthquake, it is a downward 
motion on the seismograph? 

Dr. Brown. On some seismographs. 

Representative Houirretp. And on the nuclear explosion it is an 
upward motion? 

Dr. Brown. On any explosion it is supposed to be upward. 

Representative Hourrietp. Any nuclear or chemical, it is an upward 
motion? 

Dr. Brown. In principle; that is correct. 

Representative Hoxirretp. So unless you catch the first initial 
impulse, from that time on you are at a loss? 
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Dr. Brown. It is, in fact, worse than that, because if you miss the 
first impulse, which is in general much smaller than the second one, 
then what you see is the second one. If you are looking at an explosion 
and you miss the first one and see the second one, you will say it is a 
negative first motion, which is characteristic of earthquakes. That is 
a way to identify an explosion as an earthquake, just by missing the 
first motion. 

Representative HoirreLp. This has to be observed in relation to 
background noise which occurs in all types. There is a certain amount 
of up and down motion on your s seismograph line at all times, is there 
not, which represents bac kground noise? 

Dr. Brown. Yes, sir. 

Representative Houirretp. Unless this initial impulse is stronger 
than the background noise in that area, it would be confused or even 
go unnoticed? 

Dr. Brown. As you can see from the curve I have drawn in to 
represent the background noise, here is a case in which the first motion 
will have been missed, and second motion will be seen very nicely, 
and that will be identified as a rare factor first motion. Therefore, 
if enough are seen it will be identified as an earthquake. 

Representative Batss. Will you explain how you miss them? 

Dr. Brown. This question of how you might fail to detect some- 
thing entirely? 

Representative Batss. Yes. 

Dr. Brown. If the background noise is as big as I have shown, 
and instead of getting a seismic signal from the earthquake or explo- 
sion that is this big—let us say this is the noise—now say you get 
a seismic signal from a real event which is only this big. 

If vou add these two together you will see that this signal will go 
completely unnoticed in the background noise. 

Representative Hosmer. That background noise also could be 
such things as trucks rolling along in the vicinity and other man-made 
disturbances of that nature? 

Dr. Brown. Seismologists try to locate their stations, sir, so that 
israre. But it can happen. One can also, I believe, try to filter out 
certain frequencies of background noise, particularly the high fre- 
quencies. But what you cannot do very easily is filter out the actual 
motion of the earth in the same frequency range as seismic events. 

These are called microseisms. They come from such things as 
pressure changes in the atmosphere, waves beating on the shore, and 
so on. For example, I have been told by my seismologist friends 
that in the Midwest one can detect on sensitive seismographs a storm 
in the Northwest coast, that is, in Washington and Oregon, just be- 
cause of the increase of waves beating on the coast which send out 
seismic waves which travel thousands of miles. 

Senator HickEnLoopEer. Dr. Brown, getting back to your illustra- 
tion of your four station locations with respect to a hypothetical 
burst from an underground explosion, the intersecting circles or the 
crossing circles will produce, if you have four stations, theoretically 
a quadrangle of area, will they not? 

Dr. Brown. Yes, sir. 

Senator Hicken.Looper. Within that quadrangle someplace it is 
reasonable to assume that an explosion or a suspected incident may 
have occurred? 
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Dr. Brown. Yes, sir. 

Senator HickEnLoopEeR. Do you have any formula by which you 
can give us the size, if it is three stations the triangle of error, or if it 
is four stations the quadrangle of error, and so on? 

Dr. Brown. If there are three or four stations then that area is 
likely to be quite large. It is likely to be perhaps 400 square miles. 

Senator HickENLooPeER. In other words, from your seismographic 
stations—and I presume it will vary somewhat with the distance of 
detecting stations from the point of suspected incident 

Dr. Brown. It varies slightly with that. It varies more with the 
number of stations and with the knowledge of the velocity of seismic 
waves in different parts of the earth’s crust, which are different in 
different parts of the earth’s crust. 

Senator H1ickENLoopeEr. In other words, that area which could be 
described, I think, as an unknown area, would be roughly in the 
neighborhood of 400 square miles? 

Dr. Brown. It would be if there were only three or four stations 
which detected the event. If there were 10 or 12 surrounding the 
source and if the velocity of the waves were known very well, which 
is not in most places, then you might get it down to the order of 100 
square miles. 

Senator HickKENLooPER. That would be 10 miles on the side? 

Dr. Brown. Yes, sir. 

Senator HickENLooPER. That is a pretty big area. 

Dr. Brown. Yes, sir. 

Senator HickENLoopPER. Even 4 or 5 miles on a side is a pretty 
big area. 

Dr. Brown. There can be lots of things in such an area. 

Senator HickENLoorEeR. Would you have any comment on the 
difficulty of locating the exact spot in that area of probable error 
against a determined effort at concealment? 

Dr. Brown. I think it could be made very difficult, sir. 

Representative HotirreLp. We have a session of the hearings on 
the decoupling which is on this very point. 

Senator HickENLoopeER. I am not talking about decoupling neces- 
sarily. I am talking about finding the site. 

Dr. Brown. Onsite inspection is a large problem all on its own. 
I notice there are several speakers who will talk about that. 

Senator HickenLoorer. We will get to that later, then. 

Dr. Brown. As I have said, an explosion should produce an initial 
outward motion in all directions which should be seen provided that 
the seismic signal is large enough. This is theoretically a rather 
complicated problem which has not been sufficiently investigated. 

However, for practical purposes it is probably correct to assume 
that, in fact, there is a distinctive initial outward motion from an 
explosion providing that one is close enough. The second motion 
in the opposite direction is larger and, therefore, if the first motion 
is small enough to be lost in the natural background of microseismic 
noise due to atmospheric disturbances, waves beating on the shore 
and so forth, the first motion will be lost. 

The second motion which is downward will then appear to be the 
first and, under these circumstances, the conclusion will be drawn 
that the seismic event had sent out an initial rarefaction and initial 
rarefactions are indicative of earthquakes. 
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The Conference of Experts made estimates on the size of the noise 
to be expected with the instrumentation which they recommended. 
On the basis of this, they drew conclusions about the size of an earth- 
quake in terms of the nuclear explosion with Rainier coupling which 
produces the same size signal, for which enough first motions would 
be detected by the seismic network above the noise background 
to enable the earthquake to be identified as such. 

I will not go into any more detail on this, since the conclusions turned 
out to be wrong. I will just say what they were. They were that 
90 percent of earthquakes which produce seismic signals equal to or 
greater than that produced by 5 kilotons nuclear explosion with Rainier 
coupling would be identifiable as earthquakes on the basis of their 
first motion. 

Representative Hotirretp. When you speak of “Rainier coupling” 
what do you mean by that term? 

Dr. Brown. I mean the same fraction of energy roughly going into 
seismic waves detected at a distance—that is, seismic waves of a few 
seconds period—as was the case for Rainier. 

Representative Houirietp. In the same type of soil? 

Dr. Brown. It is in the same type of soil at the same depth; yes, 
sir; and closely coupled. That is, without building a big hole. 

Representative Houirretp. That was a small tunnel, about 700 
feet underground? 

Dr. Brown. I think it was about 900 feet below the top surface, 
about 800 feet from the nearest surface, which was the side of the 
mountain. 

Below 5 kiloton equivalent the identifiability falls off very rapidly 
with energy and at 1 kiloton equivalent probably only a few percent 
of continental earthquakes could be identified. 

At the time of the Conference of Experts there was pretty general 
agreement on the magnitude scale and equivalence of nuclear explo- 
sions to earthquakes of various magnitudes. The seismicity of the 
earth was also generally agreed on, both the Eastern and Western 
scientists using Gutenberg’s book on the seismicity of the earth. 

As a result, it was believed that about 2,000 continental earth- 
quakes per year of magnitude equivalent to or greater than that of a 
5 kiloton underground nuclear explosion with a Rainier coupling 
took place every year. The statement that 90 or more percent of 
earthquakes above 5 kilotons could be identified as such by the first 
motions grew out of the assumption that two rarefactions were 
enough to identify as an earthquake. 

On this basis, the United States calculated that there would then 
be about 100 earthquakes a year above 5 kiloton Rainier equivalent 
which would not be identified as such. The Soviets announced that 
the number was 20, on the basis of no particular calculation that we 
could see. Both numbers went into the final report in the statement 
to the effect that the number was estimated at between 20 and 100 
on continents. That was the only estimate about numbers that did 
go into the report. 

Senator Gorn. You mean that in the final report you estimated 
that the number would be from 20 to 100? 

Dr. Brown. Yes, sir. 

Senator Gorn. Did the report explain that the Soviets estimated 
20 and you estimated 100? 
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Dr. Brown. No, sir; it did not do that. 
Senator Gorn. Then it was not clear. 
Dr. Brown. No, sir; it was not clear. As I said, not very much of 
the background went into the report. We came up with a number of 
100 or so and put that in. The Soviets came up with a number of 
20. We did feel that this number was uncertain by a large factor, 
and to some extent this may justify the inclusion of both numbers. 

Senator Gore. I had read that and this is the first time I have 
been advised that this was not a composite judgment; that you put 
your judgment in and the statement of the Russians was put in and 
it is somewhere in between the two. 

Dr. Brown. Yes, sir. Let me see whether I can find the exact 
statement in the report. If I remember correctly, what it says is 
that it has been estimated as 20 to 100. It says: 

It has been estimated on the basis of existing data that the number of earth- 
quakes which will be undistinguishable on the basis of their seismic signals 

Senator Gore. You are telling us, then, that on the basis of data, 
the American experts estimated 100, but that the Russian experts, 
without submitting any data, suggested the figure of 20? 

Dr. Brown. That is correct. As it later turned out, the subse- 
quent evaluation of the experts’ system on the basis of the Hardtack 
data gave numbers which were far outside that range anyway in the 
upward direction. 

Senator Gore. So neither was correct? 

Dr. Brown. That isso. I think it was probably felt at that time 
that there was an uncertainty of a factor of a few. The subsequent 
experiments at Hardtack proved that there was an underestimate of 
the error. On the basis of the Hardtack results alone, one would 
probably expect the unidentified number to be far more than 100. 

Senator Gore. About how many? 

Dr. Brown. I think this may come out in subsequent testimony. 
My recollection is that it is somewhere in the neighborhood of 1,000 
or 1,500. Since then the system has been modified a good deal and 
the number has come down again. 

Senator Gorse. Thank you. 

Representative Houirieip. At this point, for the record, let us ex- 
plain that a kiloton is equivalent to 1,000 tons of TNT. 

Dr. Brown. Yes, sir. 

Representative Hotirietp. And that the generally accepted figure 
the Hiroshima explosion was around 19 kilotons. 

Dr. Brown. Yes, sir. 

Representative Houirretp. That puts it into some sort of per- 
spective, the 5 kiloton that you speak of, and the 1 kiloton. 

Dr. Brown. Yes, sir. I am sure later we will hear of the effects of 
the explosions of 20 kilotons or more under certain conditions. 

Representative HouirieLp. The committee is familiar with these 
terms. I merely inject that into the record for the layman who reads 
it and wonders what a kiloton or megaton is. 

Dr. Brown. Yes, sir. 

For 1 kiloton, the number of continental earthquakes per year was 
estimated to be about 5,000. Of these only a few percent could be 
identified by the first motion criterion. This left many thousands 

throughout the world which could then be suspected of being nuclear 
explosions of between 1 and 5 kilotons—with Rainier coupling—and 
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about 100 which could be suspected of being nuclear explosions of 
5 kilotons or more. 

In general, I should point out that about 10 percent of the conti- 
ee earthquakes take place in the Soviet Union, and about an 
equal fraction in the United States. 

All this made the subject of onsite inspection a rather important 
one. The Conference spent several days considering this subject. 

Because of geography, with most earthquakes taking place near 
national boundaries or on coastlines and in mountains, it is un- 
likely 

Senator HickENLoopER. Is the balance of the statement of Dr. 
Brown going into the record? 

Representative HouiFreLp. Yes, sir. 

Senator HicKENLoopER. [ noticed the elimination of two sentences 


at this point which I wondered if he were excluding from his statement. 
One is the statement: 





The seismic network might be expected to locate the event within a couple of 
hundred kilometers if travel times were very well known and if the stations sur- 
rounded the event. 


The other sentence following: 


One should point out that these conditions are met almost nowhere in the world 
now. 


I do not know whether you meant to leave those two statements 
out of here. 

Dr. Brown. No, sir. I thought I perhaps covered some of them 
in answer to the questions that you put to me and Senator Gore put 
to me. 

Senator HickenLooper. I think you did. In my opinion they are 
very important statements. 

Dr. Brown. Yes, sir. 

Representative Houirre.p. I agree with Senator Hickenlooper that 
you carefully prepared this statement and that we will not omit any 
part of your statement, but feel free to interpolate any additional 
explanatory statements as you wish as you go along. 

Dr. Brown. Thank you very much. 

Because of geography, with most earthquakes taking place near 
national boundaries (because they take place in mountains), or on 
coastlines, it is unlikely that the Geneva network can ever locate 
events within so small an area. Given that degree of location, the 
Conference considered what methods could be used to further localize 
the event and to prove a nuclear explosion if one had occurred. 

Since the radioactivity and heat can be contained within a few 
hundred feet or less of the site of a nuclear explosion, these can only 
be used to identify it when it has been localized within a very small 
region, and by “site” I mean underground, because they are contained 
within a few hundred feet deep underground. 

Various geophysical methods have been investigated and it was 
found that most of them worked rather poorly. No radioactivity will 
escape. The anomalies in the acceleration of gravity or in magnetic 
or electromagnetic properties would be negligible i in comparison with 


the naturally occurring variation, making these methods useless for 
further localization. 
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Seismic profiling seemed to be perhaps more hopeful, but could not 
be carried out in any event over the very large area within which the 
seismic stations would localize the event. Furthermore, certain con- 
ditions such as a high velocity cap rock might make it not terribly 
useful. 

Suppose, then, that one were inspecting onsite an event which had 
actually been a nuclear explosion. What would be the probability 
that one would be able to localize it sufficiently so that drilling would 
allow it to be identified as such? 

The Conference of Experts was unable to answer that question, and 
that is not surprising. Though further studies have taken place since 
then, the question can still not be answered today. If one reads what 
the Conference of Experts had to say about this question in its con- 
clusions on the capability of the system, one finds that the statement 
that there would always be some probability of onsite inspection 
establishing a violation if one had occurred. 

This is equivalent to saying that the probability is not zero. How- 
ever, and this is‘also implied in the same paragraph by the statement 
that it might be very difficult for the system to catch a violator, the 
probability might be made very small by careful precautions taken 
by the violator. 

Certainly the probability of success of onsite inspection at the site 
of an actual concealed explosion would not be 100 percent if the 
violator were to take any precautions at all. Whether very small 
means a half, a tenth, a hundredth, or a thousandth, I do not think 
that anyone could say at the time of the Conference of Experts, nor 
can they say now. 

I should reemphasize that the probability of which I have just been 
speaking is that of success in onsite inspection only. It does not 
include any degradation produced by inspecting only a fraction of 
unidentified events, nor does it include the possibility of decoupling 
so that a nuclear explosion would not be detected at all, and thus 
could not be inspected. 

Senator Gore. Does it include an arbitrarily and politically deter- 
mined quota of inspections for an entire national area? 

Dr. Brown. No, sir. It omits the degradation produced by in- 
specting only a fraction of unidentified events. A politically deter- 
mined quota or even a technically determined quota would be only a 
fraction of the naturally occurring unidentified events. 

Senator Gorge. In other words, the optimum possibility of detec- 
tion would come only with full freedom to inspect according to the 
scientific and physical evidence. 

Dr. Brown. Yes, sir; that would be the optimum probability of 
detection, but it still might be very much less than one if someone 
had carefully tried to hide the explosion. 

Perhaps I may digress a moment to say something about how the 
experts’ system came to have 180 stations. If one reads the report 
of the Conference of Experts, it will be evident that the discussions 
of the capability of the various methods are all written in terms of 
1 kiloton explosions for the methods that were first considered. 

That is, the acoustic method is evaluated in terms of what it will 
do for 1 kiloton explosions; the radioactive debris method is written 
as regards the ability of a station to detect 1 kiloton and so forth. 
When the seismic methods of detection were discussed it became clear 
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that the identification of most earthquakes would be possible only 
with a very large number of stations, if one were to consider earth- 
quakes whose seismic signals were equivalent in amplitude to those of 
an underground nuclear explosion underground, with Rainier coupling, 
of 1 kiloton. 

One cannot identify explosions as such from their seismic signals 
without the additional action of onsite inspection. One can, how- 
ever, hope to eliminate a large fraction of the events by identifying 
them as earthquakes. A natural number to take is 90 percent. This 
does not mean the system has 90 percent capability of identifying 
explosions of a particular yield, but that it can identify 90 percent 
of the earthquakes of equivalent size. 

To do this for 90 percent of the earthquakes of 1 kiloton equivalent 
or more required, it turned out, something like 650 stations worldwide. 
However, 650 stations were something that the Eastern delegation 
would not accept. The Western delegation then made the proposal 
that the number of stations could be adjusted depending upon what 
capability or threshold one wanted to give the system. 

If one wanted to be able to identify 90 percent of earthquakes or 5 
kilotons equivalent with Rainier coupling, the spacing of stations could 
be increased. This corresponds to the 180-station network finally 
recommended by the Geneva Conference of Experts. 

Senator Gore. With respect to this number 180, was this an agreed 
number recommended by the experts, or did it follow the pattern of 
the 20 to 100 to which you formerly referred? 

Dr. Brown. In this case I would say not, sir. I think the agree- 
ment was made to consider the 180-station system. 

Or rather, we evaluated the 180-station system. Then we set forth 
its capabilities. Then there came an argument about whether it 
really took 180 stations to do this. The Soviets maintained it did not. 

Senator Gore. You say earlier here that to identify 90 percent of 
the earthquakes cf 1 kiloton equivalent, it turned out something like 
650 stations were required in Russia. 

Dr. Brown. That is correct for 1 kiloton equivalent. 

Senator Gorge. How does the 5 kiloton compare with the 4.75 
seismic signal suggested in President Eisenhower’s proposal of Febru- 
ary 11? 

Dr. Brown. With Rainier coupling; 4.75 corresponds fairly close 
to 20 kilotons. 

Senator Gore. Are you going to have somebody on decoupling 
later? 

Representative Ho.irireip. Yes. 

Senator Gore. I will desist. Excuse me, Doctor. 

Dr. Brown. The Western delegation felt that there was a very large 
number of possible systems of whose capability it was prepared to 
estimate, with various capabilities for identifying earthquakes at 5 
kilotons, or 1 kiloton, or wherever. 

However, having finally agreed to discuss the capabilities of 180- 
station system, the Soviets refused to consider any other. The report 
of the Conference of Experts is, therefore, cast in terms of 180-station 
network although at that time and subsequently there was an evalua- 
tion of various systems. 

Roughly, one could describe the experts’ system in terms of the capa- 
bility it was believed to have at the time of the experts’ conference 
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as a 5 kiloton system so far as underground explosions were concerned. 
Between 5 kilotons and 1 kiloton, its capability fell off very rapidly, 
being very near zero at 1 kiloton, at which only a fraction of earth- 
quakes were even detected. 

The report of the Conference of Experts makes it plain that there 
is a threshold below which the system has very little capability. Sub- 
sequent developments have indicted that some capabilities of the sys- 
tem recommended by the Conference of Experts are very much poorer 
than was believed at that time. The threshold may be much larger. 

If one expresses the capability of the system in terms of identifying 
earthquakes of a given magnitude, then the capability of the system 
is moderately worse than believed at that time because of the degrada- 
tion of the first-motion criterion. 

If one thinks of the capability of the system in terms of its ability 
to detect and identify underground explosions and explosions in space, 
then later data show its capability is very much worse than was 
thought at that time, because of the possibility of great decreases in 
coupling which were not then appreciated for underground shots, 
and the possibility of shielding of explosions in space. 

If I may say a final word about the Conference of Experts and its 
results, I would like to note that for most or all of the difficulties 
which have since come up with regard to the capability of the detec- 
tion-identification system, one can go back to the report of the 
Conference and point to a passage in which at least some recognition 
was taken of them. 

One can say, looking back, that perhaps not enough attention was 
paid to them, particularly in such items as the possibility of very 
large decoupling, the difficulties of onsite inspection and the possi- 
bilities of shielding explosions in space. 

No specific method of decoupling had at that time been demon- 
strated. Perhaps it could thus not have been expected to get very 
much attention. Since a specific method has been demonstrated, I 
think now one should consider not only that method, but all the other 
possible methods of decoupling. 

The Conference of Experts’ report can logically be criticized for 
not taking adequate account of the self-evident fact that a violator of 
a treaty or a moratorium on nuclear weapons tests must be expected 
to take full advantage of whatever methods he can find to reduce the 
probability of detection. 

It is, therefore, rather misleading to consider only the probability 
of detection of an unconcealed shot. We must not ignore the very 
difficult problem of detection and identification of nuclear explosions 
which are intended to go unidentified, and for which every possible 
precaution would be taken to keep them undetected or unidentified. 

Since the time of the Conference of Experts of course very much 
more realistic consideration has been given to this question. 

Thank you. 

Representative HoitrreLtp. Are there any questions? 

Senator Gore. Doctor, you were a member of the Conference of 
Experts? 

Dr. Brown. Yes, sir. I was an advisor to the Western delegation. 

Senatore Gorn. You were in Geneva at the time the Conference 
began? 

Dr. Brown. Yes, sir. 
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Senator Gore. I saw your work there and found it, according to 
my estimates, entirely praiseworthy. I congratulate you on it. 

Dr. Brown. Thank you very much, sir. 

Representative Houirretp. Are there any further questions? 

Representative Hosmmr. In your discussion of estimated capa- 
bilities of detecting violations in space, your discussion was very brief. 
Is that similar to the problem of underground detection where some 
new knowledge has introduced new factors and additional difficulties? 

Dr. Brown. Yes, sir. I believe this will be covered at length later. 
In fact, quite soon. 

Representative Hosmer. Then I want to get this clear. To 
actually pin down cheating on the test ban, there are at least two 
things required: First, the detection of a suspicious event which in 
and of itself is in no way a matter of certainty; is that correct? 

Dr. Brown. That is correct; certainly at some level. 

Representative Hosmer. Then, secondly, having found the sus- 
picious event and located it within some geographical range, an 
inspection must follow in order to determine what, if anything, 
happened. 

Dr. Brown. In the case of underground explosions. In the case 
of explosions in space that possibility is not open. That makes 
absolute identification perhaps even more difficult. 

Representative Hosmer. That is right. Again in connection with 
underground explosions, the actual inspection business is less of a 
scientific matter than it is a detective matter; is that correct? 

Dr. Brown. In my opinion that is correct, sir. 

Representative Hosmer. The actual inspection guarantees no 
certainty that an instance of cheating would actually be discovered? 

Dr. Brown. That is correct. The w ay to put it, perhaps, is that 
if you have an onsite inspection on the actual site of the explosion 
it is not certain that it will go undetected. But it is certainly not 
certain that it will not. 

Representative Hosmer. In addition to all your natural factors, 
there can be introduced, both as regards to detection and as regards to 
inspection, matters by humans to throw the investigators off the trail? 

Dr. Brown. Yes, sir. This is certainly so below some yield. I 
think there are yields large enough so that they will almost certainly 
be detected. In the atmosphere, of course, that yield is rather low. 
In space, or underground, that yield may be very large. 

Representative Hosmer. Thank you. 

Representative Pricze. Mr. Chairman, may I ask a few questions? 

Representative Houirte.tp. Mr. Price. 

Representative Pricr. Dr. Brown, on an onsite inspection, are 
there conclusive ways of proving if it were actually an earthquake? 

Dr. Brown. No one, so far as I know, has any good way of proving 
this. 

Representative Price. What are the problems involved? 

Dr. Brown. I think that perhaps one could prove that something 
like the San Francisco earthquake were an earthquake because there 
was motion along a very, very long line. If there is motion along 
tens of miles, then you probably believe it is an earthquake. I think 
that the superficial indications, ground disturbances over a compara- 
tively local area, probably do not serve to distinguish between an 
earthquake and an explosion. As most people are thinking about 
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the problem of onsite inspection now, and again the experts on this 
will come later, I think that most of them believe the way to prove 
there is an earthquake is to fail to find a nuclear explosion. I don’t 
know that that is a very good way to do it. 

Representative Houirietp. How about the detection of residual 
radioactivity? 

Dr. Brown. That is the conclusive proof of a nuclear explosion if 
you can find it. To find it, of course, you have to get right into a 
very small region, a few hundred feet in diameter, and perhaps 
thousands of feet underground out of this 100- or several-hundred- 
mile area. 

Representative Ho.trieLtp. In other words, it would involve 
drilling down to the point of the explosion. Say, if the explosion were 
900 feet deep, you would dig down at least toward that explosion? 

Dr. Brown. Yes, sir. 

Representative Houirretp. Your drilling would have to be pretty 
accurately located in order to be sure that you would drill into the 
radioactive area. 

Dr. Brown. Yes, sir; it would have to be very accurately located. 

Representative Houtrretp. What was the experience on Ranier on 
this particular point when they started to drill in? They knew 
exactly where it was. 

Dr. Brown. It took something like 3 months, if I remember cor- 
rectly, to arrive at the radioactivity. This was partly due to losing 
the drill down the drill hole and so on. I think one should also point 
out that it perhaps is not typical because this was the first time that 
an underground nuclear explosion, as far as we knew, had taken place. 
We did not know whether or not there was a big bubble of very hot and 
radioactive gas trapped underground. We didn’t want to drill in and 
have it all come out in our faces. As it finally turned out, we gave up 
drilling from the top down. We went into the tunnel which led to the 
room where the explosion had taken place and finally drilled in side- 
ways from a distance of only 200 feet away. This, as I say, was several 
months after the explosion. 

Senator Gorn. You mean you were never able to penetrate the 
cavity from surface boring? 

Dr. Brown. We finally did penetrate the cavity from the top but I 
don’t think we recovered anything that way. We finally recovered 
from the side. 

Senator Gore. Did you finally penetrate the cavity from perpen- 
dicular boring? 

Dr. Brown. Yes, sir. 

Senator Gorn. How long did that require? 

Dr. Brown. Again, I am not quite sure. There are people here 
who can correct me if I am wrong. What I remember is that we 
drilled down finally all the way into the cavity just to make sure 
there was no bubble of high pressure. But we did not recover a 
sample from within the cavity from above. Our recovery and identifi- 
cation of the radioactivity finally came from the side after we had 
penetrated from the top but not recovered from the top. 

Senator Gorn. Why was it the perpendicular boring into the cavity 
did not reveal radioactive samples? 

Dr. Brown. It did reveal a radioactive sample quite high up, 
actually. But as I say, we had difficulty getting good samples and 
finally we drove from the side. 
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Senator Gore. You did detect radioactivity close to the surface 
from your perpendicular boring? 

Dr. Brown. We detected radioactivity about halfway down. This 
was radioactivity which came from gases that had moved up several 
hundred feet and then condensed. This did not reveal an active 
region to a Geiger counter that was put into the hole. What we had 
to do was to extract gas from the hole, process it, run it through chem- 
ical processing, and make very careful measurements of that gas 
sample to see that there was some radioactivity in that region. 

Senator Gore. The earth itself did not register on the Geiger 
counter? 

Dr. Brown. That is correct. 

Senator Gorge. Mr. Chairman, this is the first time I have heard 
that radioactivity was detected some hundreds of feet above the 
radioactive cavity. I had heretofore understood that the danger to 
the earth’s water table was minimized or eliminated by the conversion 
of the sand and the rock and the earth to glass and the encasement 
of radioactivity within the glass. You tell us now that there was 
radioactivity hundreds of feet above the cavity. 

Dr. Brown. There was some, sir. It was a very small fraction of a 
percent. Let me say roughly what the radioactivity situation was. 
There was a spherical shell the order of 110 feet in diameter which con- 
tained well over 90 percent of the radioactivity. Within this shell there 
was some more sand which contained some more radioactivity, almost 
all the rest. For a distance of perhaps 200 feet or 300 feet, which is 
comparable with the size of the cavity in the vertical direction, there 
was the order of a couple of tenths of a percent of the radioactivity. 
Though it had risen it was still about 500 feet below the surface of 
the earth. Water samples introduced into this region have shown 
that there is no further diffusion of more than perhaps 10 feet or so 
beyond the edges of this cavity in a radial or outward direction. So 
it is confined in a volume which is not very much bigger than this 
sphere. It is perhaps two or three times as big in the upward direction. 
But it stops far below the surface of the earth. Our experiments 
have shown that there is no ground water carriage of radioactivity 
more than a few feet in the outward direction. 

Senator Gore. So by this further exploration you confirmed the 
information previously given this committee that the underground 


table will not be contaminated with properly conducted underground 
explosions? 


Dr. Brown. Yes, sir. 

Senator Gore. I have one further question about this radioactivity 
some hundreds of feet above the point of explosion. Was this amount 
of radioactivity sufficient to indicate to an inspection team the occur- 
rence of a nuclear explosion at some point deeper beneath the earth, 
or was it of a degree which could have existed in the earth from 
natural causes? 

Dr. Brown. It depends on how careful a measurement they would 
have made. It is my personal opinion that if they had finally gotten 
around to drilling they would by this time be so suspicious that they 
would be making very, very careful measurements indeed, and there- 
fore probably if it didn’t constitute identification, it would certainly 
lead to ultimate identification. But that is based on my opinion of 
how suspicious they would have to be before they got around to drill- 
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ing. If this is just an ordinary drilling team sent out to find oil, this 
would not identify anything to them. But I think an inspection team 
would be very, very suspicious—would have to be very, very suspicious 
that a nuclear explosion had taken place—before they drilled. 

Senator Gore. Thank you, Mr. Chairman. 

Representative Houirietp. Mr. Bates. 

Representative Bares. Dr. Brown, you were with the Russian 
scientists for several days over there and you talked to them either 
directly or through an interpreter. You read their statements and 
studied their reactions. I have noticed here that there is a difference 
of opinion. I wonder if for the purpose of the record that they in 
true scientific fashion tried to get at the bottom of these very complex 
matters or whether they just unduly rejected all the attempts to find 
satisfactory answers to these problems. Can you pass a judgment 
on that? 

Dr. Brown. Yes, sir; I think it is a very tentative one. It is not 
really very well informed even though I have spent several months 

talking to some of them. I think this is by now very much a political 

negotiation, although it still must have some technical basis. Under 
these circumstances I am not surprised, although I can’t say I am at 

all pleased, that the Soviet scientists are very strongly politically 

motivated. Our own delegations, of course, have some political 
motivation, too, in that they represent the United States and therefore 
they tend to represent to some extent U.S. policy, which is that agree- 

ments on arms limitations have to be controlled. We therefore tend 
to be quite careful in our evaluation of possible measures of control. 
We never distort the technical facts to fit political opinions, however. 
The Soviets tend to take quite the opposite view. I think they depart 
far more from purely scientific considerations and motivations than 
do our scientists. This puts us in a somewhat awkward position. 

It throws the burden of the work on us. We are trying to prove or 
trying to understand just how well certain methods can control cer- 
tain obligations or agreements. The Soviets have an easier time of it 
because they can say it is simple and everybody knows it is simple, 

and that is the end of it. They do, I think, when we present some- 
thing analyze it with some scientific care. They sometimes come 
back with some rather good scientific questions which further clarify 
the situation. But on a number of occasions, I have seen them accept 
something in private scientifically, or at least appear to accept it 
scientifically, and then come back ‘for the record with quite a different. 
attitude. 

Representative Bares. Without any technical explanation? 

Dr. Brown. There is always a technical explanation. Sometimes 
it holds almost no water. Sometimes it is quite fallacious. Other 
times there is some basis to what they say. 

Representative Barges. I understand this point will be covered later 
on in the hearings. 

Representative HouirreLp. Mr. Westland. 

Representative WestLanpb. Doctor, as I understand it you have 
about 5,000 suspected earthquakes a year in Soviet Russia. Is that 
correct? 

Dr. Brown. 5,000 earthquakes equivalent to 1 kiloton with Ranier 
coupling in the world of which 10 percent are in the Soviet Union 

which constitutes about 500. 
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Representative WrEsTLAND. I understand that there were 5,000 in 
the world. 

Dr. Brown. That is right. 

Representative WrestLanpb. And about 500 in Soviet Russia? 

Dr. Brown. That is right. 

Representative WEstLanp. Then how many would you expect in 
this country? 

Dr. Brown. About an equal number. 

Representative WestLanp. About an equal amount? 

Dr. Brown. Yes, sir. 

Representative WrestLanp. So then if you were to have these 20 
inspections, you would have about 25 to 1 odds. 

Dr. Brown. You would have 1 chance in 25 of inspecting a 
nuclear explosion if somebody had been foolish enough to set off a 
nuclear explosion with a seismic signal that was easily detected. I 
think if somebody is going to carry out a nuclear explosion he is going 
to take rather extreme precautions. It would only be an accident, I 
think, if it were detected. If it were detected then there would be 
according to this arithmetic 20 out of 500 or 1 out of 25 chances that 
you would have an onsite inspection, not allowing for any additional 
selection you might hope to be able to make either on the basis of the 
seismic signals or on the basis of likelihood figured some other way. 
This would still leave the question of whether you would find the 
event even if you inspected it. 

Representative WEsTLAND. But the odds would be 25 to 1 against 
you? 

Dr. Brown. To start with, that is correct. 

Representative HoLirieLp. Senator Hickenlooper. 

Senator HickeNLooper. Dr. Brown, on page 8 of your prepared 
statement at the bottom of the page, you pose a question and then 
answer it on page 9. It starts at the beginning of the paragraph at 
the bottom of page 8 with the word ‘“‘suppose.”’ ? 

Dr. Brown. Yes, sir. 

Senator HicKENLOOPER (reading) : 

Suppose, then, one were inspecting onsite an event which had actually been a 
nuclear explosion, what would be the probability that one would be able to 
localize it sufficiently so that drilling would allow it to be identified as such. 

That is the question. 

Then you say 





The Conference of Experts was unable to answer that question and that is not 
surprising. Though further studies have taken place since then, the question 
can still not be answered today. If one reads what the Conference of Experts 
had to say about this question in its conclusions on the capability of the system, 
one finds that the statement that there would always be some probability of onsite 
inspection establishing a violation if one had occurred. 

Then you make this comment: 

This is equivalent to saying that the probability is not zero. 


Would you say the converse is true, that the probability of estab- 
lishing a violation is almost zero? 

Dr. Brown. It can be made very small. This is a subject which 
is virtually impossible to express in quantitative terms. I have tried. 


Lots of other people have tried. But no one believes anybody else’s 
estimate. 


2 See Dr. Brown’s prepared statement, pp. 33-34. 
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Senator HickENLooperR. You have made the statement that this 
is equivalent to saying that the probability is not zero. 

Dr. Brown. Not exactly zero. 

Senator HickeNLooper. I am just wondering if it is also your 
opinion that it approaches zero. As Senator Aiken suggests, what 
is its half life. 

Dr. Brown. This is a matter of opinion. I have an opinion. I 
can’t even call it a technical opinion because this is not completely 
a technical subject. I think it can be made very close to zero. 

Senator HickENLoopER. My own personal interpretation of your 
statement would be somewhat along that line. 

You say on page 11 in the first paragraph, about the middle of the 
paragraph, that the report of the Conference of Experts makes it 
plain that there is a threshhold below which the system has very little 
capability. 

Did the Conference of Experts come to a conclusion as to how many 
kilotons that threshhold amounts to? 

Dr. Brown. It never talks about anything less than kiloton with 
Rainier coupling for underground explosions. It says that you can 
detect most earthquakes of 1 kiloton equivalent to seismic regions. 
It also says that the capability of the control system to identify under- 
ground nuclear explosions of 1 to 5 kiloton yield—again this is always 
with Rainier coupling—depends on the small fraction of earthquakes 
that can be identified on the basis of data obtained from the control 
posts, the fraction of earthquakes that can be identified with the aid 
of supplementary data obtained from existing seismic stations. In- 
cidentally, the existing seismic stations have more or less disappeared 
from consideration, at least in the conference on discontinuance of 
nuclear tests. I think that is because people are now, including the 
Soviets, agreed that existing seismic stations are very poor compared 
to the seismic stations we are talking about and won’t increase the 
capability very much. Then it says that the fraction of events still 
left unidentified which would be expected to be nuclear explosions 
and for which the international control organ carries out inspection 
in accordance with item 6 that is onsite inspection. If one takes these 
together and asks what it means, again everybody interprets as they 
like. I think what that says is that below 1 kiloton, even the experts’ 
report says there was no capability, with Rainier coupling. It seemed 
to imply there was a fairly good capability for 5 kilotons. That has 
been modified by subsequent events and discoveries. Between those 
two yields the capability fell off pretty rapidly. 

Senator HickenLooper. Dr. Brown, if two people get into an agree- 
ment and as a result if it is an important agreement they write a con- 
tract in which they specify the details of that agreement. If these two 
people entered into the contract exactly alike and would interpret it 
exactly alike there would be no occasion for a written agreement. 
The written agreement is only to specify the terms and conditions so 
that there can be no reasonable question about what the performance 
shall be. Now we are talking here not about nuclear underground 
explosions that are announced to the world and open to full inspection 
and publicity. We are talking about a situation where the security 
of the system depends upon ability to locate and prove whether or 
not an atomic explosion has occurred when there is a determined effort 
on the part of some country to conceal that explosion and cover it up. 
You stated a month ago that normally it would be from 100 to 400 
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square miles of probable error from seismographic locaters. On the 
Rainier shot you knew probably within 1 to 2 feet exactly the location 
of this explosion. You knew that an explosion had occurred. Suppose 
you had gone out in an area of 100 to 400 square miles without knowing 
for sure whether an atomic explosion had occurred, or knowing within 
that probable error as to where it had occurred, do you think you could 
have ever discovered the Rainier shot with any probability at all? 

Dr. Brown. The specific Rainier shot probably, I think, would 
have been quite well located by the network of roads and by the faet 
that there were people there. 

Senator HickENLooPER. I want to make clear that I am talking 
about a determined effort at concealment. 

Dr. Brown. Rainier was certainly not that. So we have essentially 
nothing to base judgment upon. 

Senator HickENLooPER. Would you not say that the probabilities 
of locating almost any size of underground atomic oulaian where 
there was a determined effort at concealment of the location, with all 
the forces that could be brought to bear for concealment, moving out 
of personnel, the concealment of any access roads, sufficient depth to 
the shot, putting it way down in the earth, that the possibility under 
any circumstance of locating the spot of that explosion or the proof of 
whether or not an explosion occurred under any circumstance with 
presently available equipment or equipment in the reasonable future 
is practically nil? 

Dr. Brown. I think it is very small. For practical purposes, it 
may be quite close to zero. It depends so much on the circumstances. 
It depends a great deal on how well someone is able to anticipate what 
effects may be, although he could of course start off with small explo- 
sions which nobody could find and then scale up. It depends on the 
degree of access. It depends on what one is able to find out in other 
ways. One may be able to know something about activities in various 
areas which would enable one to localize things. 1 think that is some- 
thing that one might hope to depend upon. I myself would prefer 
not to depend on it very much. But then I think—here again it is 
a saueaal opinion—it is fairly important to have more than a rather 
slim chance of catching someone. The fact that he is anxious for you 
not to catch him is likely to result in a very small chance of your 
catching him. I think one must weigh here the capabilities, the tech- 
nical capabilities of this system with whatever political considerations 
have to be put in on the desirability of such a treaty. I 1m not here 
trying to put in such considerations. 

Senator HickENLoopErR. Of course, the more accurate the detection 
— the less likelihood of violation. There is no question about 
that. 

Dr. Brown. As you make the system have more and more capa- 
bility, you force someone to more and more effort to hide it. I think 
if he makes enough of an effort he probably can hide it. If you make 
that effort great enough perhaps he won’t think it is worthwhile. 
That depends on another question, and that is, how much can you 
do in the development of nuclear weapons by concealed testing and 
how important it is. Here again I have an opinion but it is only 
partly a technical opinion. 

Senator HickenLoorer. Would you go further to say that under 
any system which we now have or which can be put into effect in the 
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foreseeable future that the detection and identification of explosions 
of 1 kiloton or less are practically nil and no system could really 
detect and identify them against any reasonable effort of concealment 
by anyone who wanted to Violate. 

Dr. Brown. There is always some level below which a violator can 
test with essentially complete impunity. I think if a violator is 
willing to go to a little trouble, 1 kiloton is well within that limit. It 
will be undetected and unidentified by any system which I have heard 
proposed. 

Senator HickENLoorER. Thank you. 

Representative Hourrretp. Senator Aiken. 

Senator ArkEN. Are you satisfied that underground tests would 
have the same value for determining destructiveness of an atom bomb 
for military purpose as an atmospheric test would have, or is there 
some drawback to underground tests? 

Dr. Brown. I think perhaps there is some drawback but I don’t 
think it is very large. I think the military effectiveness of nuclear 
explosions in the atmosphere has by now been determined many, 
many times in various tests in the atmosphere, and that problem is 
quite well covered by now. The underground test really would be 
aimed at something different. Those tests would be aimed at deter- 
mining the energy yield and characteristics of a new design of explo- 
sion. 

Senator Aiken. Then for developing smaller size nuclear bombs, 
underground tests would be just as valuable as if they were held 
above ground. 

Dr. Brown. I would say in general, yes. There is one exception 
to this that I perhaps should point out, and that is, the effects in the 
upper atmosphere which may go to determine some military applica- 
tions are not completely understood. Those could not easily be 
determined underground. 

Senator Arken. Then if underground tests are just as efficient for 
determining the destructiveness of the nuclear bomb for purposes of 
war, how efficient would any agreement be which excluded under- 
ground tests? 

Dr. Brown. This goes to the question of what one can develop by 
further nuclear tests. 

Senator ArkEen. It would not mean anything. 

Dr. Brown. I am willing to offer an opinion on that if you would 
like to hear it. 

Senator Arken. Would the underground test have greater value for 
determining the peaceful use of nuclear explosions? Would it have 
advantages’ over tests held above ground? 

Dr. Brown. For nonmilitary use, most of the applications—in fact, 
perhaps almost all except for a few scientific applications—depend on 
either shallow subsurface or deep surface underground explosions. 
The effects of those are not as well determined as in the atmosphere. 

Of course, there are very few military effects from deep under- 
ground explosions. For the purpose of determining the usefulness of 
nuclear explosives for nonmilitary purposes, underground explosions 
would be distinctly much more valuable than explosions in the 
atmosphere. 

Senator A1rkeN. In determining the value of nuclear explosions for 
extracting oil from shale, for instance, the underground test would be 
essential, would it not? 
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Dr. Brown. Yes, sir. They are essential and they are all that is 
essential. 

Senator Arken. Now, my elementary question: There is objection 
to testing above surface because of the fallout. What becomes of 
strontium 90 and other fallout in an underground test? 

Dr. Brown. If the proper medium is picked, a medium which con- 
tains silicon, for example, these fission products such as strontium 90 
are confined within a few tens of feet of the region in which they are 
deposited by the explosion. That means altogether few hundreds of 
feet. 

Even if ground water runs through such a region, we have found in 
the case of the Rainier explosion that over a period of several years— 
2 years at least—the fission products are not carried more than a few 
tens of feet away. 

Senator Aiken. That is all, Mr. Chairman. 

Representative Hotrrretp. The Chair will state that there will be 
other witnesses, of course, who will take different viewpoints from Dr. 
Brown, and that Dr. Brown will also be with us again and there will 
be panels in which some of these matters which Dr. Brown has been 
testifying on will be a matter of debate. 

Senator Gore. Mr. Chairman, I would like to observe that Dr. 
Brown has attempted to confine his statements to technical and scien- 
tific opinion and he has not attempted to become a diplomat or a 
politician. 

Representative Hortrietp. We hope that all the witnesses will do 
that. We hope also the members of the committee will observe the 
objectivity of the purpose of this hearing. The witnesses have been 
chosen because of their expert background. We feel we have a bal- 
ance here of scientific experts who define these problems in different 
terms in order to have a balance for people to study both viewpoints. 

We will have some people here who are not so pessimistic in regard 
to detection as Dr. Brown is, and they will be allowed to state their 
case with the same courtesy and the same amount of time as any 
witness will be granted by the committee. 

So we will ask everyone to withhold their judgment on this matter 
until all of the returns are in. 

Representative Hosmer. I just wonder, Dr. Brown, at the 1958 
Geneva Conference did the Soviet scientific group contribute any 
information on the basis of actual underground tests conducted by 
them or was it all based on theory? 

Dr. Brown. Most of it was theoretical. They had a few seismo- 
grams from surface chemical explosions because they were explosions 
that vented into the atmosphere.* 

Representative Hosmer. But no underground nuclear explosions? 

Dr. Brown. No completely contained underground nuclear explo- 
sions. 

Representative Hosmer. In your opinion, would it be necessary if 
any kind of a detection system were established to run a few under- 
ground nuclear explosions in order to test it out? 

Dr. Brown. I think there are many things that can be determined 
about a system without underground nuclear explosions. I think 

*The U.S.S.R. representatives at the 1958 Conference of Experts did not offer any data on underground 


nuclear explosions. In 1959, during the meetings of Technical Working Group II, the Soviet representa- 
tives stated that the U.S.S.R. had conducted no underground nuclear explosions. 
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there are some vital things which require nuclear explosions to find 
out. I think there are many other things which can best be deter- 
mined most quickly and most cheaply and most accurately with 
underground nuclear explosions. 

Representative Hosmer. Thank you. 

Representative Houirietp. The Chair will take this occasion to 
announce—I know the press will be interested in this—that today 
the Department of State has released the verbatim documents of the 
Geneva Conference on the Discontinuance of Nuclear Tests from the 
period October 31, 1958, to February 29, 1960. I might announce 
that in that group of transcripts that are now released to the press 
and public will be the very important release of the transcript of 
February 11 in which the U.S. delegates offered after 17 months of 
failure to obtain any definition of the so-called quota principle a 
formula which, in effect, did set up a tangible number of around 20 or 
21, and that offer is contained in the February 11 release which the 
State Department is releasing verbatim. 

The release was made pursuant to an agreement reached last month 
by the three negotiating parties, the United States, the United King- 
dom, and the U.S.S.R. When the negotiations commenced on 
October 31, 1958, the three nations involved agreed to conduct the 
Conference sessions in private. However, in view of the long duration 
of the Conference, the three parties have decided to make available 
to the public the transcripts of past sessions through February 29, 
1960. Transcripts and documents for sessions after this date will be 
released on a monthly basis, 1 month after the sessions take place. 

Accordingly, release of the March verbatims and agreed documents 
will be made on May 1, 1960, and the April verbatims and documents 
on June 1, 1960. This will be followed for release of subsequent 
sessions. 

The Chair regrets that the release of the March verbatims will be 
after the conclusion of these hearings. There are two verbatim 
transcripts, March 19 and 21, which constitute the Soviet reply to 
the United States and free world offer of February 11. The 19th 
verbatim has the first response of the Soviets and the 21st verbatim 
has a clarification of their response on the 19th. (See app. 2, p. 527, 
for the verbatim transcripts of February 11, March 19 and 21.) 

Representative Price. Mr. Chairman, I would like to get some 
clarification from Dr. Brown as a result of the question by Senator 
Hickenlooper on your opinions on the possibility of certain types of 
detection. 

Was your testimony based on the existing seismic equipment, or 
were you referring to the 180-station network, and do you take into 
consideration improvements in seismic equipment? 

Dr. Brown. I was talking about the capabilities of the 180-station 
network as believed to exist at that time. In other words, what 
people felt in 1958 to be the capabilities of that system. That does 
not take into account seismic improvements. It does not take into 
account decoupling or subsequent observations which may have shown 
that the system had less capability than thought, nor does it take 
into account that some of the equipment which was discussed at the 
time of the Conference of Experts and subsequently does not, in fact, 
exist nor did it exist then. 

In other words, it was a hypothetical system with probably better 
equipment than had existed until that time or than exists now. 
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Representative Price. Thank you very much, Doctor. 


Representative Houirie.tp. For the record, Dr. Brown was the 
consultant of the first group. 


Dr. Brown. I was an adviser to the U.S. delegation to the Con- 
ference of Experts. 


Representative Houirretp. And the biography of Dr. Brown and 


all the other witnesses will be inserted in the proper place in the 
record of the hearings. 


Thank you very much, Dr. Brown, for your testimony. 
Dr. Brown. Thank you, sir. 
(Dr. Brown’s formal statement follows:) 


TECHNICAL CONCLUSIONS OF THE EXPERT’S CONFERENCE OF THE SUMMER OF 1958 


Mr. Chairman, members of the committee, it is a great pleasure to appear 
before you. The purpose of this talk is to explain the matters which were con- 
sidered by the Conference of Experts which met in Geneva the summer of 1958 
and to outline the conclusions which that Conference reached. I will also say 
something about the uncertainties which were recognized to exist at the time and 
the matters which were then omitted from consideration for a variety of reasons. 

The Conference of Experts considered a number of techniques for the detection 
and identification of nuclear explosions, attempting to evaluate them on the basis 
of what was then known. These methods include the air acoustic and hydro- 
acoustic signals, the collection of radioactive debris from the atmosphere, the 
electromagnetic signal, the seismic waves from an explosion. They also include 
the detection of nuclear radiation by earth satellites and the measurement of 
ionospheric disturbances for the detection and identification of nuclear explosions 
high in the atmosphere or in deep space. 

During the Conference of Experts it became apparent, and was no surprise to 
anyone, the Soviets were in favor of as small a number of stations and as minimal 
an accessibility by the control organization to the Soviet Union as they could 
get the Western delegation to agree to. Their action in this direction took the 
form of exaggeration of the capabilities of each of the methods for detection. By 
producing experimental evidence or more accurate theories than the Soviets, the 
Western deleztation was able to get its evaluation of the individual capabilities 
agreed to by the Soviets, although the language was not always as clear as could 
have been hoped had the Soviets been operating on a purely technical basis. 
The Soviet delegation did finally agree to a number of points which are important 
as matters of principle. They did agree to dispatch special flights for the detection 
of possible radioactive clouds where there were acoustic or electromagnetic indi- 
eations of possible nuclear explosions. It was also agreed that completely con- 
tained underground nuclear explosions, although they could be detected down to 
some yield by this system, could not be identified by seismic readings. Conse- 
quently the report indicated that for seismic events not identified as earthquakes 
by the control posts, inspection at the site of the event would be necessary in 
order to identify it either as an explosion or as an earthquake. No agreement 
was reached at that time on recommendations for the apparatus to be used for 
the detection of nuclear explosion in the outer atmosphere or in space, although 
certain statements were made about the capabilities of some of these methods. 

The report of the Conference concluded that for nuclear weapons explosions 
of 1 kiloton or more in the atmosphere up to about 50 kilometers and for nuclear 
explosions in the oceans there would be a fairly high probability of identification 
on the basis of the remote signals, together in some cases with onsite inspection. 
This capability rests principally on the air-acoustic and radioactive-debris tech- 
niques for the explosions in the atmosphere, supplemented in the case of explosions 
on the surface by an onsite search for radioactivity. The electromagnetic signal, 
though useful as confirmatory evidence, can be greatly decreased by surrounding 
the explosion with tons of shielding material, and therefore its absence does not 
constitute evidence that the event is not a nuclear explosion. 

There are 2reas over the oceans where thne et spacing is rather sparse and 
where atmospheric explosions of one or even several kilotons might often fail to 
be detected. However, as a general rule the statement on capability for these 
atmospheric explosions corresponded to a rather high probability of detection. 
Thus, for the acoustic method the spacing of 1,700 kilometers gave probabilities 
of 70-90 percent detection of the acoustic signal of a kiloton explosion at enough 
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stations to locate the event. In addition, the radioactivity present in the at- 
mosphere or in the ocean would, with substantial probability, provide confirma- 
tion. This technique would enable the natural events, occurring with fair fre- 
quency (perhaps a hundred annually worldwide of 1 kiloton acoustic equivalent) 
which simulate the acousti¢e signals by nuclear explosions to be eliminated by a 
cursory onsite inspection. These events cre principally meteors or volcano erup- 
tions. It is thus apparent that for explosions in the atmosphere there would be a 
substantial probability (of the order of 50 percent) of detection and identification 
in the range of 1 or 2 kilotons even if elaborate attempts were made at conceal- 
ment. fT mention all this as background to indicate the kind of identification 
probability that was considered adequate for control in the case of atmospheric 
expiosions. 

In the ease of explosions in space an estimate was made of the capabilities of 
the satellite svstem for the detection of nuclear explosions. It was estimated 
that unshielded nuclear explosions of 1 kiloton could be detected at a distance up 
to hundreds of thousands of kilometers by their gamma radiations. The exact 
range of detection was known to depend on the backgrounds of radiation which 
would be encountered by the satellites in the vicinity of the earth, about which 
not very much was known in 1958 except the existence, together with some very 
preliminary ideas of its nature, of the Van Allen Belt. 

\s to underground nuclear explosions, everything was normalized or calibrated 
to the coupling that is, the degree of energy transfer into seismic waves, observed 
in the Rainier explosion, which was the only underground nuclear explosion carried 
out before the Conference of Experts so far as we know. A footnote in the report 
of the Conference of Experts pointed out that smaller couplings than this might 
be possible. If so, then all the statements made about 5 kilotons in that report, 
for example, would correspond to yields of underground explosions equal to 5 
kilotons times whatever the factor of reduction in coupling was. At the time of 
the Conference of Experts, it wes believed that other media might have coupling 
jess than Rainier or more than Rainier by a factor of a few depending on how the 
properties of medium compared with those of Nevada tuff in which the Rainier 
explosion took place. The thought that decouplings of a large factor, of the order 
of hundreds, might exist had oecurred to many of us, but no clear understanding 
existed at that time about what the modification of the medium would be neces- 
sary in order to make this decoupling take place. In the absence of such under- 
standing, that possibility of large decoupling was pretty generally ignored. 

The Conference concluded that the system would be able to locate, in seismic 
regions where the separation of stations was a thousand kilometers, most earth- 
quakes or under round explosions whose seismic sienals was greater than or equal 
to that from a 1-kiloton nuclear explosion with Rainier coupling. In aseismic 
regions, where the spacing is rather lareer—1,700 kilometers—one can calculate 
that the yield required for a good probability of location is about 5 kilotons equiva- 
lent vield. For location purposes one needs to be able to obtain a clear time of 
arrival from at least three or four seismic stations. Failing this criterion, one can 
perhaps obtain wigeles on one or more seismic graphs which are due to the seismic 
event (be it earthquake or explosion) but it cannot be said to be detected in any 
true sense if its position is unknown. 

Now one cannot tell from seismic signals that an event is an underground ex- 
plosion. It is therefore important to note that there are a very large number of 
seismic events annually which give signals equal in magnitude to that produced 
by a nuclear explosion of 1 kiloton or more with Rainier coupling. One then asks 
how many of the seismic signals produced by earthquakes can be identified as 
such by the system of seismic detection posts, so as to find out whether one can 
keep the system from being swamped by the number of events which could be 
nuclear explosions. The Conference of Experts tried to find a number of such 
possible distinguishing characteristics. About half of the earthquakes may be 
eliminated on the basis of their taking place underneath the ocean floor where the 
depth of the floor is too deep for nuclear explosions to be carried out in any fore- 
seeable way. There are also a number of earthquakes on the continents which 
have too deep a focus for humans to have reached. However, these amount to 
only about 10 percent. The Conference of Experts adopted as a principal 
technique which the system would use to identify earthquakes as such the so-called 
criterion of first motion. It is generally considered that a large enough under- 
ground explosion should be characterized by a positive first motion at all seismic 
stations which detect it. In other words, an explosion should produce an initial 
outward motion in all directions which should be seen provided that the seismic 
signal is large enough. This is theoretically a rather complicated problem which 

has not been sufficiently investigated. However, for practical purposes it is 
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probably correct to assume that in fact there is a distinctive initial outward motion 
from an explosion providing that one is close enough. The second motion in the 
opposite direction is larger and therefore if the first motion is small enough to be 
lost in the natural background of microseismic noise, due to atmospheric dis- 
turbances, Waves beating on the shore, and so forth, the first motion will be lost. 
The second motion which is downward will then appear to be the first and under 
these circumstances the conclusion will be drawn that the seismic event had sent 
out an initial rarefaction and initial rarefactions are indicative of earthquakes, 

The Conference of Experts made estimates on the size of the noise to be expected 
with the instrumentation which they recommended. On the basis of this they 
drew conclusions about the size of an earthquake in terms of the nuclear explosion 
with Rainier coupling which produces the same size signal, for which enough first 
motions would be detected by the seismic network above the noise background 
to enable the earthquake to be identified as such. I won’t go into any more detail 
on this since the conclusions turned out to be wrong; I’ll just say what they were. 
They were that 90 percent of earthquakes which produce seismic signals equal 
to or greater than that produced by 5 kilotons nuclear explosion with Rainier 
coupling would be identifiable as earthquakes on the basis of their first motion. 
Below 5 kiloton equivalent the identifiability falls off very rapidly with energy 
and at 1 kiloton equivalent probably only a few percent of continental earthquakes 
could be identified. 

At the time of the Conference of Experts there was pretty general agreement on 
the magnitude scale and equivalence of nuclear explosions to earthquakes of 
various magnitudes. The seismicity of the earth was also generally agreed on, 
both the Eastern and Western scientists using Guttenberg’s book on the seismicity 
of the earth. As a result it was believed that about 2,000 continental earthquakes 
per year of magnitude equivalent to or greater than that of a 5 kiloton under- 
ground nuclear explosion with a Rainier took place every year. The statement 
that 90 or more percent of earthquakes above 5 kilotons could be identified as 
such by the first motions grew out of the assumption that two clear rarefactions 
were enough to identify as an earthquake. On this basis the United States 
calculated that there would then be about a hundred earthquakes a year above 
5 kiloton equivalent which would not be identified as such. The Soviets an- 
nounced that the number was 20, on the basis of no particular calculation that we 
could see. Both numbers went into the final report in the statement to the effect 
that the number was estimated at between 20 and 100 on continents. 

For 1 kiloton the number of continental earthquakes per year was estimated 
to be about 5,000. Of these only a few percent could be identified by the first 
motion criterion. This left many thousands throughout the world which could 
then be suspected of being nuclear explosions of between 1 and 5 kilotons (with 
Rainier coupling) and about a hundred which could be suspected of being nuclear 
explosions of 5 kilotons or more. In general I should point out that about 10 
percent of the continental earthquakes take place in the Soviet Union, and about 
an equal fraction in the United States. 

All this mede the subject of onsite inspection a rather important one. The 
Conference spent several days considering this subject. The seismic network 
might be expected to locate the event within a couple of hundred kilometers if 
travel times were very well known and if the stations surrounded the event. 
One should point ovt that these conditions are met almost nowhere in the world 
now. Because of geography, with most earthquakes taking place near national 
boundaries or on coastlines, it is unlikely that the Geneva network can ever locate 
events within so small an area. Given that degree of location the Conferenee 
considered what methods could be used to further localize the event and to prove 
a nuclear explosion if one had occurred. Since the radioactivity and heat can 
be contained within a few hundred feet or less of tbe underground site of a nuclear 
explosion, ‘hese can only be used to identify it when it has been localized within 
a very small region. Various geophysical methods have been investigated and 
it was found that most of them worked rather poorly. No radioactivity will 
escape. The anomalies in the acceleration of gravity or in magnetic or electro- 
magnetic properties would be negligible in comparison with the naturally oecurring 
variation, making these methods useless for further localization. Seismic profiling 
seemed to be perhaps more hopeful but could not be carried out in any event over 
the very large area within which the seismic stations would localize the event. 
Furthermore, certain conditions such as a high-velocity caprock would make it 
not terribly useful. 

Suppose then that one were inspecting onsite an event which had actually been 
a nuclear explosion. What would be the probability that one would be able to 
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localize it sufficiently so that drilling would allow it to be identified as such? 
The Conference of Experts was unable to answer that question, and that is not 
surprising. Though further studies has taken place since then the question can 
still not be answered today. If one reads what the Conference of Experts had to 
say about this question in its conclusions on the capability of the system one finds 
that the statement that there would always be some probability of onsite inspec- 
tion establishing a violation if one bad occurred. This is equivalent to saying 
that the rrobability is not zero. However—and this is also implied in the same 
paragraph by the statement that it might be very difficvlt for the system to 
catch a violator—the probability might be made very small by careful precautions 
taken by the violator. Ceriainly the probability of success of onsite inspection 
at the site of an actual concealed explosion would not be one if the violator were 
to take any precautions at all. Whether “very small’? means a half, a tenth, 
a bundredth, or a thousandth, I do not think that anyone covld say at the time 
of the Conference of Experts, nor can they say now. I should reemphasize that 
the probability of which I have just been speaking is that of success in onsite 
inspection only. It does not include any degradation produced by inspecting 
only a fraction of unidentified events, nor does it include the possibility of decou- 
pling so that a nuclear explosion would not be detected at all, and thus could 
not be inspected. 

Perhaps I may digress a moment to say something about how the experts’ 
system came to have 180 stations. If one reads the report of the Conference of 
Experts, it will be evident that the discussions of the capability of the various 
methods are all written in terms of 1 kiloton explosions for the methods that 
were first considered. That is the acoustic method is evaluated in terms of what 
it will do for 1 kiloton explosions, the radioactive debris method is written as 
regards the ability of a station to detect 1 kiloton and so forth. When the seismic 
methods of detection were discussed it became clear that the identification of 
earthquakes would be possible only with a very large number of stations, if one 
were to consider earthquakes whose seismic signals were equivalent in amplitude 
to those of an underground nuclear explosion underground, with Rainier coupling, 
of 1 kiloton. One cannot identify explosions as such from their seismic signals 
without the additional action of onsite inspection. One can, however, hope to 
eliminate a large fraction of the events by identifying them as earthquakes. A 
natural number to take is 90 percent. This does not mean the system has 90 
percent capability of identifying explosions of a particular vield, but that it can 
identify 90 percent of the earthquakes of equivalent size. To do this for 90 per- 
cent of the earthquakes of 1 kiloton equivalent or more required, it turned out, 
something like 650 stations, worldwide. However, 650 stations were something 
that the Eastern delegation would not buy. The Western delegation then made 
the proposal that the number of stations could be adjusted depending upon what 
capability one wanted to give the system. If one wanted to be able to identify 
90 percent of earthquakes of 5 kilotons equivalent with Rainier coupling, the 
spacing of stations could be increased. This corresponds to the 180-station net- 
work finally recommended by the Geneva Conference of Experts. The Western 
delegation felt that there was a very large number of possible systems of whose 
capabilities it was prepared to estimate. However, having finally agreed to dis- 
cuss the capabilities of a 180-station system, the Soviets refused to consider any 
other. The report of the Conference of Experts is therefore cast in terms of that 
180-station network. 

Roughly, one could describe the experts’ system, in terms of the capability it 
was believed to have at the time of the experts’ conference as a 5-kiloton system 
so far as underground explosions were concerned. Between 5 kilotons and 1 kiloton 
its capability fell off very rapidly, being very near zero at 1 kiloton, at which only 
a fraction of earthquakes were even detected. The report of the Conference of 
Experts makes it plain that there is a threshold below which the system has very 
little capability. Subsequent developments have indicated that some capabilities 
of the system recommended by the Conference of Experts is very much poorer 
than was believed at that time. If one expresses the capability of the system in 
terms of identifying earthquakes of a given magnitude, then the capability of the 
system is moderately worse than believed at that time because of the degradation 
of the first-motion criterion. If one thinks of the capability of the system in 
terms of its ability to detect and identify underground explosions and explosions 
in space, then later data show its capability is very much worse than was thought 
at that time, because of the possibility of great decreases in coupling which were 
not then appreciated for underground shots, and the possibility of shielding of 
explosions in space. 
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If I may say a final word about the Conference of Experts and its results I 
would like to note that for most or all of the difficulties which have since come up 
with regard to the capability of the detection-identification system one can go 
back to the report of the Conference and point to a passage in which at least 
some recognition was taken of them. One can say, looking back, that perhaps 
not enough attention was paid to them, particularly in such items as the possi- 
bility of very large decoupling. No specific method of decoupling had at that 
time been demonstrated. Perhaps it could thus not have been expected to get 
very much attention. Since a specific method has been demonstrated I think 
now one should consider not only that method but all the other possible methods 
for decoupling. The Conference of Experts report can logically be criticized for 
not taking adequate account of the self-evident fact that a violator of a treaty or 
a moratorium on nuclear Weapons tests must be expected to take full advantage 
of whatever methods he ean find to reduce the probability of detection. It is 
therefore rather misleading to consider only the probability of detection of an 
unconcealed shot. We must not ignore the very difficult problem of detection 
and identification of nuclear explosions which are intended to go unidentified, and 
for which every possible precaution would be taken to keep them undetected or 
unidentified. 


Representative Houirretp. The next witness will be Dr. Wolfgan. 
H. Panofsky, who was chairman of the Technical Working Grou t 
and his testimony will be related to high altitude test problems. r. 
Panofsky, we are very happy to have you before us. 

We are all aware of your excellent scientific background and your 
contribution. We know that you are the professor of the high-energy 
physics department at Stanford. 

We are glad to welcome you here this morning. We are running a 
little late, so if you do not finish, we will resume at 2 o’clock with 
your testimony. 


STATEMENT OF DR. WOLFGANG H. PANOFSKY,'’ HIGH-ENERGY 


PHYSICS LABORATORY, STANFORD UNIVERSITY, STANFORD, 
CALIF. 


Dr. Panorsky. Thank you very much. I want to report on the 
work of Technical Working Group I.*- The experts considered the 
detection and identification of nuclear explosions only up to 30-50 km. 
This upper limit is not related to the maximum distance beyond which 
nuclear tests are of no concern nor is there any basis for this upper 
limit from the point of view either of a practical limit on carrying out 
nuclear tests or of prevention of fallout. We do not have good 
enough theoretical or experimental knowledge to determine reliably 


1 Born: Apr. 24, 1919, Berlin, Germany. 

Citizenship: United States (April 1942; entered United States September 1934). 

Marital status: Married. Children: 5. 

Education: A.B., Princeton University, 1938. Ph.D. (physics), California Institute of Technology, 1942. 

Professional experience: 1942-43, director, office scientific research and development project, California 
Institute of Technology; 1943-45, consultant, AEC, Los Alamos, N. Mex.; 1942-45, physicist, California 
Institute of Technology; 1945-46, physicist, University of California radiation laboratory, Berkeley; 1946-48, 
assistant professor, department of physics, University of California, Berkeley; 1948-51, associate professor; 
1951 to date, professor of physics, Stanford University; 1953 to date, director, high-energy physics laboratory, 
Stanford University. 

Consultant to: 1945 to date, USAEC, Division of Military Application; 1955-57, USAF Scientific Advisory 
Board; 1951 to date, University of California radiation laboratory, Berkeley; 1954-58, Physics Panel, Na- 
tional Science Foundation; 1958-59, President’s Science Advisory Committee; 1960-[63], member, Presi- 
dent’s Science Advisory Committee; 1959, chairman, ad hoc panel on high-altitude detection; 1960, chair- 
man, ad hoc panel on seismic research and development; 1959, passim, w.a.e. Foreign Service officer (con- 
sultant), Department of State: Chairman, U.S. delegation, Technical Working Group on High Altitude 
Detection, Geneva, June-July; vice chairman, U.S. delegation, Technical Working Group 2, Geneva, 
November-December; 1960, member ARPA ad hoc group on detection of nuclear explosions; 1958 to date, 
member, High Energy Commission of International Union Pure and Applied Physics; member Advisory 
Committee for Conferences held under 1UPAP auspices in high-energy physics and instrumentation; 
1959, July-December, research visitor, CERN, Geneva. 

Professional affiliations: Fellow and member of council, American Physical Society; member National 
Academy of Sciences; member societies of Sigma XI and Phi Beta Kappa. 

* The report of Technical Working Group I will be found in app. 3, p. 589. 
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what a safe upper limit on nuclear detonations would be to prevent 
any fragments from returning to earth. This question is a very 
complicated one, and the answer depends in great detail on the state 
of electrification of the fission fragments and of the magnetic fields in 
space at large distances from the earth which would tend to trap such 
fragments. One can surmise that detonations carried out beyond the 
distance to the moon (about 100,000 miles) would produce almost no 
debris which would return to the earth. 

In discussing explosions in space and their detection, we are dealing 
with a field where there is a great deal less experience as compared to 
explosions in the atmosphere and underground. The Conference of 
Experts in their final report (app. 1, p. 479) specifically discussed the 
possibility of explosions at much higher altitudes, but stated that they 
had not considered the matter in detail. Actually, in the work of 
that Conference there is considerable material bearing on this problem. 

I have little doubt that explosions at very large distances from the 
earth can be carried out, and that they can be used effectively for 
development of weapons. 

Senator Gore. What do you mean by that? 

Dr. Panorsky. For purposes of this discussion we are talking about 
distances as far as 200 million miles. That means beyond the dis- 
tance from the earth to the sun. 

Senator Gore. 200 million? You would not talk about just a 
million miles? 

Dr. Panorskxy. We are considering here the entire range where one 
might be concerned about another country’s developing weapons. I 
will later discuss briefly what that implies. In order to make sure 
that we will not start all over again discussing the question, ‘““Why did 
we only go to a million when you can go to 10 million?” TI will say 
that we have been trying to be as comprehensive as is practical under 
the circumstances. 

There are many kinds of tests that could be carried out in space as 
well as in the atmosphere, depending on the objectives of the tests. 
Nuclear tests in space would be carried out by having a test vehicle 
carry the device to the distance in question, then spread out test pods 
which would travel about 10 miles from the device, and telemeter 
signals from the explosion back to earth. The practicality of this 
procedure is well established in principle, but in a general way diffi- 
culties increase as greater and greater distances are considered— 
primarily because the weight of the pods increases because of telemetry 
requirements, and also because for a given rocket less weight can be 
carried as one goes to greater distances. 

Nuclear tests in space would limit the extent to which specific 
kinds of test observations could be used. Nevertheless, in principle 
the conditions would be entirely adequate for weapons development; 
in addition, space tests would be useful in cases where the absence of 
air is an advantage—for example, in connection with development of 
nuclear weapons as warheads for ballistic missile defense vehicles. 

Our only experience directly related to high altitude tests are the 
shots in the Hardtack series, of which Teak and Orange were the 
highest. A certain fraction of the experience gained there is of value 
in discussing tests at high altitudes, but in general the problems would 
be quite different. A similar remark applies to detection. All the 
methods of detection which I shall discuss later are based on either 
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theoretical considerations or a synthesis of various experimental 
measurements. We have, however, flown radiation detectors in 
satellites and have sent communication signals over large distances. 
We are therefore in some phases of the detection problem in a situation 
similar to that in which we are with the problem of conducting tests 
in outer space: in both areas we have experience which makes us be- 
lieve that such problems can be solved, but the actual situation, testing 
or inspection, has not been tested. 

The purpose of Technical Working Group I was to consider explo- 
sions at distances greater than 30-50 km., without specifying initially 
an upper limit on distance. From the point of view of practicality, 
we believe that such an upper limit should be considered to be several 
hundred millions of kilometers. This is beyond the distance from the 
earth to the sun, and present-day rockets would take about a year to 
carry the equipment for a nuclear test to such a distance. Hence, a 
test program would be very lengthy because one would have to wait 
a year after the test vehicle was committed before any test data 
returned. 

In considering the problem of controlling outer space testing, we 
are faced with basic decisions which must be faced in almost. all 
arms control problems. ‘Testing in outer space represents a new 
possibility of carrying out a violation, although at considerable ex- 
pense to the violator. The question of further concealment arises, 
too, in connection with tests in outer space. The rocket carrying 
the device could also contain shields which could unfold around the 
device and reduce the detectable signal. Again, this increases the 
complexity of carrying out such tests. At the same time, the control 
system can also be expanded, leading to additional expense and 
complexity. From the purely technical point of view, it appears 
likely that, given arbitrarily high incentives on the part of the violator, 
it will always be possible to devise an essentially undetectable means 
of carrying out the violation. I believe, however, that before that 
point is reached, there is the question of whether there really is 
sufficient incentive either for the violator to carry out tests under 
these extreme conditions or for the detecting system to be expanded 
to the maximum possible degree. 

The problem of controlling explosions in space is substantially differ- 
ent in respect to providing accurate identification of a nuclear explo- 
sion from that of controlling tests in the atmosphere or underground. 
It is considered that the detection of radioactive debris constitutes 
identification of an atmospheric test. For detection of underground 
tests, it has been agreed by the participants in the Conference on the 
Discontinuance of Nuclear W eapons Tests that seismic signals can 
be used to sort out a group of suspicious events, but that identification 
would have to depend on onsite inspection. Since explosions in outer 
space do not permit the collection of radioactive debris, and also 
preclude onsite inspection, there is the difficult problem of how 
reliable the detection of outer space explosions must be to constitute 
a basis for identification. In the discussions of Technical Working 
jroup I, such problems were not discussed to the same degree of detail 
as the atmospheric and underground cases had been. 

The terms of reference adopted by the Conference were as given 
in attachment (1) (p. 61) to statement. Note that the phrase, “‘on 
the basis of the discussions and conclusions of the Geneva Confer- 
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ence of Experts,’ was used. These words were put in at the request 
of the Soviet delegation. This point is a very significant one in all 
the technical discussions. After the report of the 1958 Conference 
of Experts was filed with the governments of the three countries, all 
of them (including the United States) formally accepted the report. 
As a result, the U.S.S.R. delegations like to refer to the report as a 
formal agreement on technical facts rather than as a technical working 
paper. In so doing, they propose that the experts’ report is an un- 
changeable point of departure for the political negotiators. On the 
other hand, the United Kingdom and United States delegations have 
assumed that the technical facts should be brought up to date to 
reflect changes in our knowledge. You will see that a great deal of 
our difficulty in these technical negotiations stems from this divergence 
of view of the role of the experts’ report. Specifically, the Russians 
are generally agreeable to considering changes in the technical situ- 
ation if they appear to improve the capability of the detection system 
beyond that specified by the experts. At the same time, any changes 
which appear to deteriorate the performance are always controversial 
when introduced into the technical deliberation 

Senator Gore. I did not understand that remark, Doctor. 

Dr. Panorsxy. The Russian delegation always takes the attitude 
that the Conference of Experts’ report is a legal rather than a technical 
document. Now it is stated in the Conference of Experts’ report that 
improvements are possible. 

Senator Gore. I understood that. 

Mr. Panorsky. Therefore, in the subsequent technical negotiations, 
the one I am reporting here now and the one which is the subject of 
my next presentation, agreement is always reached when we are pro- 
posing new technical facts which appear to improve the system. 

Senator Gore. Improve detectability? 

Dr. Panorsky. Detection capability. 

Senator Gore. Do you think they would agree to that? 

Dr. Panorskxy. They will agree to that. But as soon as we intro- 
duce technical facts which make the apparent capability for detection 
and identification of the system less, then they will in general disagree, 
or at least very thoroughly challenge the technical validity of our 
statements. . 

Representative Hosmer. Dr. Panofsky, you say at the same time 
any changes which appear to deteriorate. Do you mean any newly 
acquired knowledge? 

Dr. Panorsky. Any newly acquired knowledge which we would be 
introducing which would make the system appear less powerful as a 
means of detecting or identifying nuclear tests. 

Representative Hosmer. And this newly acquired knowledge is 
debated or not accepted. 

Dr. Panorsky. Either debated, not accepted, or called premature, 
or whatever the various criticisms might be. 

I should like to mention another circumstance of interest in under- 
standing the problems encountered in the technical parts of these 
negotiations. We all realize that the Russians have very little interest 
in the technical reliability of control procedures because clandestine 
testing is essentially impossible in any of the Western countries. They 
do, however, have a very substantial interest in maintaining the se- 
crecy of their country, and therefore in reducing the degree of access 
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demanded by the control system. Hence, it is always in their interest 
to minimize the extent of the control system; in order to do this, the 
tendency is to view the performance of the control system in the best 
possible light. Any critical evaluation of the performance of the 
system, therefore, always rests upon the shoulders of the western 
delegations. In turn, this makes the performance of the negotiations 
very arduous for the Western technical delegates since in many cases 
the facts which have to form the basis for a critical assessment have not 
been developed prior to negotiations. 

Representative Hosmer. Can you give some examples of that? 

Dr. Panorsxy. I think I probably can. This example which I 
quote is mainly in reference to my second presentation and to the 
testimony given by Dr. Brown. In discussing in Technical Working 
Group II on underground detection the question of whether our instru- 
ments were suitable or not to the problem, the following question 
arose: The Russian delegates challenged that the instruments which 
we had been using during the Hardtack series did not conform to the 
specifications for such instruments laid down by the Conference of 
“experts, and, therefore, that our claim for the performance which we 
described for the system was not valid. It turned out that the criti- 
cism of these instruments was not a correct one. It was correct that 
our instruments did not correspond in detail to the specifications. 
But it was also correct that their performance was in fact better than 
the specifications. However, when the Russians brought up this 
point, we did not know that they were in fact better, but we had to 
carry out the technical analysis to show that they were better, and 
we very fortunately were able to do so during the negotiations. We 
even carried the matter further. We were able to have the two instur- 
ments which were being compared produced and set up in the United 
States. 

We were also fortunate enough to have an earthquake occur which 
made it possible during the time of the negotiations to make a direct 
comparison on the point in question. This, I think, is probably as 
extreme an example as you might gather about work on this nature 
being generated in the course of negotiations rather than in 
preparation. 

Representative Hosmer. I think it is a very excellent example of 
the quality of the work you and your group have done, Dr. Panofsky. 

Senator Gorn. Congressman Hosmer, if you would yield, I think 
the whole Conference serves as an example of the paragraph which 
Dr. Panofsky has just read. I have watched you in the technical 
Conference over there, Doctor, with great admiration. Here in this 
paragraph you have become an English scholar in my opinion. That 
is the best summary of the technical difficulties of the entire Confer- 
ence that I have read anywhere. 

Representative WrestLAND. Doctor, are you saying that if the 
Soviet agreed to an inspection system that they would specify the 
type of equipment that could be used, and that if improvements 
on that equipment were made here in this country, that they could 
not be included as a part of that detection system? 

Dr. Panorsxy. At the present status of the treaty draft the situa- 
tion is as follows: Changes in the system can be made by agreement 
between all the partners, that is, between all the signatories to the 
treaty. This means that if changes are desired, then effectively any 
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one party has a veto right which would govern the introduction of this 
change. It is for this reason that it is possible to make improvements, 
but it is also for this reason that any changes which might turn out 

to be unacceptable to one of the parties concerned would not neces- 

sarily be introduced. It is for this reason that in these negotiations 

we believe that the means of surveillance must be specified to a 

sufficient degree of detail such that they can be implemented without 

facing the question of there being such a major change in the system 

that the problem of unanimous consent would arise. 

Representative Ho.irietp. In other words, what you are really 
saying is that if we are capable of developing increased detection 
techniques, you would want them to be put into the stations as 
quickly as they can be built without the right of a veto of the nation 
in which they will be installed? 

Dr. Panorsxy. Yes. In general the question is this: There are 
several kinds of improvements one would consider. Some kind of 
improvements would deal just with such things as different ways 
of handling the data or different ways of analyzing the records, or 
maybe even adding additional instruments to posts already in exist- 
ence. ‘Those matters may not be controversial. But it is clear that 
any improvements which ‘would change the degree of access required 
to the countries involved might very well be controversial. Hence, 
at least the technical methods which are being considered here have 

to be specified completely to the extent to which they define the 
degree of access which would be required in installing and maintaining 
them, and taking the records. 

Representative Pricn. You are also saying that the Russians have 
a tremendous advantage in this area. They are not as concerned as 
we are with the development of an adequate and foolproof detection 
system. 

Dr. Panorsky. Yes. I am saying that these negotiations are not 
symmetrical because of the fact that the whole question of adequate 
control i is a concept which we have introduced into the ndastisienne 
and it is our responsibility to analyze what it means both technically 
and politically. It is for this reason, as you point out, that there is an 
advantage in these negotiations on the part of the Russian delegation 
in that they need not be as critical as to the detailed operations of the 


system. 
Representative Price. The weaker the system, the better they may 


like it. 

Dr. Panorskxy. My personal opinion is that they are not as much 
concerned with the weakness or strength of the system for detection 
as they are with the degree of access which the system implies. I 
think this is really the most relevant point. 

Representative Hourrrevp. In their negotiations to date, at least, 
they have applied the principle of veto of : specific on-site inspections, 
have they not? They have required harmonious agreement? 

Senator Gore. That is getting the doctor into something that is 
out of the scientific field. 

Dr. Panorsxy. I think it is outside my scientific field, but I think 
it is not correct at the present status. 

Representative Houirireip. I will withdraw my question. 

Dr. Panorsky. Thank you. 
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After these general remarks, I should like to discuss the work of the 
Technical Working Group. After considerable discussion, the group 
adopted the agenda given in attachment 1 (p. 61). As a result of the 
terms of reference and these agenda, we were in the fortunate position of 
being able to discuss the technical facts first, then to try to assess the 
technical performance of possible control systems based on these 
facts, and only after this to proceed to specific recommendations to 
the Conference. Note that our group was not to make direct recom- 
mendations for the adoption of certain devices into the control sys- 
tem; we were only to recommend such devices for consideration by the 
political Conference. This meant that, despite the very substantial 
technical agreement reached by the Technical Working Group, the 
question was left entirely open to further negotiation of the degree to 
which either side is willing to expand the experts’ control system to 
include the capability for high-altitude detection. 

I would now like to discuss the technical situation in approximate 
terms. When nuclear explosions take place in outer space, radia- 
tions are emitted which can travel very great distances in the vacuum 
of outer space. Because of the earth’s atmosphere, however, only a 
small fraction of these radiations reaches the ground. Asa result, the 
control of explosions in outer space demands two different types of 
detection systems, one based on satellites and one located on the 
ground. ‘The ground-based types are more attractive from the point 
of view of cost and presumably also of reliability, and because they can 
be added to the control posts proposed in connection with atmospheric 
and underground detection. As we shall see, however, their per- 
formance is sufficiently limited that satellite-based detectors must also 
be considered. Nuclear explosions detonated in space emit a large 
variety of radiations, listed in table I. Of these, only visible light 
reaches down to the ground; all the others would be absorbed in the 
upper layer of the atmosphere. 


TABLE 1.—Signals from nuclear weapons in vacuo 


Emission time 
Type: (in microseconds) 
Pet a. es Sith Schema Goo > aetite e ae eb nae eee 0.1 to 1. 
BOG RATAN 9O9O. «05.5 58 Seen le alec ad ee ae ee 0.03. 
DeaeyeG SemMens ray) 2 i oc UEC a oe at £o. Di 2 1 second. 
POMMIUONIN 0. 8a 2 ck cet hy adh dk nn dee eee ed ok Gok Minutes. 
Viieiwne: FNC. 25s ow nk dee oka ade pee a ae So aede ee ee 0.1 to 1. 


The types of radiation listed in table 1 are described as follows: 

(a) X-rays are emitted due to the very high temperature of the nuclear device 
immediately after detonation. 

(b) Prompt gamma rays are emitted in a very short time after detonation. 

(c) Delayed gamma rays are those which continue to be emitted by the radio- 
active fission fragments for a substantial time after detonation. 

(d) Neutrons, like gamma rays, may be considered in two groups, prompt and 
delayed. In the case “of delayed neutrons, however, the effective time of emission 
is on the order of minutes. Unlike other radiations, neutrons travel not at the 
speed of light but at a variety of lower speeds to arrive at a detector over a sub- 
stantial time interval, depending on distance from the source. 

(e) Visible light is due to the incandescence of the nuclear device and is that 
small part of the thermal radiation emitted in the spectrum visible to the eye. 

In addition to the radiations from a nuclear explosion described above, Technical 
Working Group I considered other secondary effects as possible tools for detection 
and identification. These were presented by Dr. Panofsky and are described 
as follows: 


(a) Visible light produced in the upper atmosphere when the X-rays from the 
detonation cause it to fluoresce. 
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(b) The change in the properties of the ionosphere due to absorption of energy 
from a nuclear explosion in space. This change affects the absorption and reflee- 
tion of radio waves and is detectable, by— 

1. The so-called ionospheric radar method. 
2. The change in the strength of radio signals received on earth from outer 
space (cosmic noise receiver). 

(c) The Argus effect. This name applies to the trapping of electrons in regions 
of the earth’s magnetic field, the electrons having been emitted in the radioactive 
decay of fission fragments from a nuclear detonation at an altitude of a few hun- 
dred miles. 

Representative Hosmer. Are these the same type of radiations 
that come from the sun? 

Dr. Panorsky. Yes, to some extent. Tosome extent, no. 

Representative Hosmer. What I was getting at is, would they be 
distinguishable from a natural background? 

Dr. Panorsxy. I will discuss this later on, but I can show in the 
first slide what | mean. There are several types of radiation considered 
here. The one giving the largest range is the so-called thermal 
X-radiation which is emitted by a bomb because its case is at a very 
high temperature. 

To answer your question, approximately 1 percent of the sun’s 
energy is in the form of radiation of a similar nature. However, 
the amount is such that the ranges which we have calculated take this 
matter into account. 

We have the following types of radiation. We have X-rays which 
are emitted due to the high temperature of the bomb, so-called 
thermal X-rays. We have prompt gamma radiation which is emitted 
in a very short time, about one-hundredth of a millionth of a second 
during the time of detonation. We then have what we call delayed 
gamma rays which come from the fission fragments which travel away 
at high speed from the explosion. Then we have neutrons which are 
emitted at the time of the explosion but, because they travel at 
slower speeds than the speed of light—with which all the other three 
radiations are traveling—are spread out in time by the time they 
would arrive at a detector. Finally, a small fraction of the energy of 
the bomb comes off as visible light which also is emitted in a relatively 
short time. I have given here formulas, which I will not discuss, 
which tell how many of these various kinds of radiations are emitted 
by a bomb of a certain yield. Now, I will discuss later the question of 
background which is essentially the problem raised here, because 
whenever you have a signal of a eertain strength, then the range at 
which you can detect such a signal would depend on the competition 
between the natural phenomena which give similar radiations, and the 
radiations which are given by the thing which you are trying to detect. 

In order to design systems of satellites which would be sensitive to 
these radiations, one must consider the strength of these signals as well 
as the strength of comparable naturally occurring signals (‘ back- 
ground”). Our knowledge of such background radiation is extremely 
scanty, although it is increasing very rapidly as a result of research 
carried out by means of satellites and space probes. Since the detecta- 
ble ranges depend on the competition of the signals from these two 
sources, any assessment which can be made will be fairly inaccurate. 

The existence of these various signals, with the exception of heat 
radiation in the form of soft X-rays (table I) was discussed by the 
experts. Our delegation to the Technical Working Group I introduced 
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the thermal X-ray detection method which appears to have the largest 
range of detection; we also elaborated in considerable detail on the 
detection of other signals. As a result of our work previous to the 
technical working group and of deliberations during the meetings of 
the group, we were able to agree with the other delegates on devices 
to be placed in satellites to detect thermal X-rays, prompt gamma 
rays, delayed gamma rays, and neutrons. The reason for wanting to 
detect this multiplicity of radiations has to do with a remark made 
earlier: one wants, in space surveillance, to receive as many signals 
from the event as possible in order to provide reasonably convincing 
identification of a nuclear test. There was relatively little disagree- 
ment on the facts relating to the performance of these various methods. 
When the method of detection of thermal X-rays was introduced by 
the U.S. delegation, there was at first considerable reluctance on the 
part of the U.S.S.R. delegates to accept it because it was a method not 
considered by the experts; as soon as they realized it actually con- 
stituted a considerable increase in the potential range of control, and 
therefore improved the control system, all objections disappeared. 

After some controversy, the possibility of using shields deployed 
around the device was also admitted by all parties, and a qualitative 
description of their effect on the total weight which would have to be 
carried into space was agreed on. 

Representative Hosmer. Dr. Panofsky, may I ask this question? 
What would be the sense of going to shielding because if an outer 
space explosion were detected, who could say who caused it? 

Dr. Panorsxy. This is the significant point here. There is no way 
unless information was also available on vehicle launchings. Of 
course, each party would know what launchings they had undertaken. 
But there is no means in space surveillance to connect a given violation 
with a particular party. 

Representative Hosmer. In other words, the actual violator could 
just blame it on somebody else and there is no way to prove he’s lying? 

Dr. Panorsky. However, there is the point to consider here that 
this treaty provides no specific sanctions of any kind, as the matter 
stands now if a violation occurs, beyond the voiding of the treaty. 
I would only like to mention the fact in connection with your question. 

If shields are used, the maximum detectable range can probably be 
decreased by an order of magnitude, a factor of 10, even for weapons 
as large as one-half megaton; smaller weapons could be shielded quite 
effectively for shorter ranges. Added to the complexity of conducting 
a nuclear explosion in outer space, the observation of the results of 
such tests by instruments in test pods, and the means of transmitting 
the information back, the deployment of such shields would of course 
be a very complicated and expensive undertaking, requiring in itself 
a great deal of development. 

Representative HoLirieLp. Before you start this paragraph, Doc- 
tor, it is 12:30 now, and some of the members have noon engagements. 
I believe we will ask you to stop at this time, and we will start right 
at this point at our 2 p.m. meeting. 

Dr. Panorsky. Very good. 

Representative Houirretp. Thank you very much. 

The committee is adjourned until 2 p.m. this afternoon. 

(Thereupon at 12:30 p.m., a recess was taken until 2 p.m., the 
same day.) 
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AFTERNOON SESSION 


Representative HouirreLp. The committee will be in order. 

This afternoon we will continue with Dr. Panofsky’s testimony on 
Technical Working Group No. I, which was the high-altitude detection 
and Technical Working Group II, which has new data to explain to us. 

You may go ahead, Dr. Panofsky, on page 6 at the bottom para- 
graph. 


STATEMENT OF DR. WOLFGANG H. PANOFSKY,' HIGH ENERGY 
PHYSICS LABORATORY, STANFORD UNIVERSITY, STANFORD, 
CALIF.—Resumed 


Dr. Panorsky. Thank you very much. 

I am continuing the testimony on the work of Technical Working 
Group No. I on high-altitude detection. 

There was considerable discussion of the specific orbits to be chosen 
for the satellites and of the number of satellites required. This arose 
from several facts: The first is that as a result of discoveries made by 
the American satellites and supplemented by Russian data, it is now 
known that there exist several layers of charged particles at altitudes 
above the earth of between about 1,000 and 20,000 miles—the Van 
Allen layer. 

If detectors carried in satellites move through the Van Allen layer, 
then the sensitivity of detection would be very much depressed, by a 
factor of about 10, by the effects of the radiation in the layer. Hence, 
the satellites should be deployed either below or above the Van Allen 
layer. 

This creates further questions: If the satellites are deployed below 
the Van Allen layer, then no one of them can see very far around the 
earth, and a very large number of them would be required to blanket 
the earth so that no gap in the coverage would exist. We note here 
that in considering the system we must assume that the orbits of such 
satellites would be known to other countries involved. If the satel- 
lites are to be deployed below the Van Allen layer, there must either 
be many satellites or the system looking up from the ground must 
have considerable capability. 

If, on the other hand, the satellites are placed at higher altitudes, 
greater than 20,000 miles, then a smaller number could survey the 
entire earth—about six—and their view would not be limited by the 
horizon. Both satellite systems, either the low or the high one, would 
have the same capability for looking out into space in addition to their 
capability for surveying the earth. 

The high-orbit satellites are technically more difficult to achieve, 
first because considerably larger vehicles are required to carry the 
same detectors into the higher orbits, and, second, because such high 
orbits are very difficult to establish without getting into trouble with 
the sun’s and moon’s attraction for the satellites. 

In fact, to the best of our knowledge, neither the Russians nor the 
United States have as yet placed a satellite in an orbit corresponding 
to the performance required by the Technical Working Group for the 
high-orbit satellites. 


1 See biographical sketch, p. 35. 
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I would like to show the two slides showing where the Technical 
Working Group considered these satellites should be placed. 

Figures 1 and 2 indicate the disposition of these two types of orbits, 
as discussed during the Technical Working Group. After considerable 
discussion, the group decided that the high-orbit system should be 
recommended, as the first choice; but the possibility was left open 
that for economic or technical reasons the lower altitude system might 
be established first. 


NEAR EARTH SATELLITES 
SYSTEM 2 






10 SATELLITES 
(EAL VELOMITY (S)PER PLANE 


REQUIREMENT 8000 M/SEC 


’ 


Ficure 1.—The orbit of the ‘“‘near-earth satellites” about the earth. The black 
area is the Van Allen layer described in the text. The table inserted shows the 
numbers of satellites required to obtain complete coverage down to a given 
specified altitude. 


As you recall, I discussed two kinds of systems of satellites, one to 
go very close to the earth similar to the ones we and the Russians have 
launched. Here is the earth. These black spots are the region our 
detection satellites must stay out of in order not to be blocked by the 
Van Allen radiation. However, the problem is that, depending on 
the altitude, in order to be able to survey the earth looking down, if 
you are low then the horizon will limit your view. 

Therefore, the number of satellites which are required to survey the 
entire earth—and we must always assume that a violator knows where 
these satellites are—keeps going up. If you wish to look down from 
the satellite to 357 kilometers, you will need 72 satellites; to 522 kilo- 
meters, 50; to 840 kilometers, 32; and so forth. So as you go up in 
altitude you need fewer satellites. 

In the near-earth orbit system we have the problem that you use a 
large number of satellites or you will have blind spots near the earth. 

The next slide, please. 
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FiGcurE 2.—Possible orbits of the ‘‘far-earth satellites.” The Van Allen layer is 
shown in black. 


This is the recommended satellite system which goes out to about 
50,000 kilometers or 30,000 miles. This—the shaded area—is the Van 
Allen layer. This graph shows the variation of intensity of the Van 
Allen layer as one moves away from the earth. Only six satellites 
here are required to have complete surveillance of the earth. 

Representative Houirintp. What would those satellites detect? 
Would they detect light flashes? 

Dr. Panorsxy. No. These satellites would have the equipment for 
all the types of radiation other than the light. The light radiation 
detection which I discuss later will be done from the ground. These 
satellites will carry equipment for neutrons and gamma rays and the 
so-called thermal X-ray detection which were the top three items 
which [ had in my first table, which give larger detection ranges ia 
general than the light flashes do. 

A problem discussed during the Technical Working Group was the 
possibility of a violator’s carrying out tests behind the moon. For 
this reason, and also in order to make the use of shields more difficult, 
the group discussed the possibility of solar satellites. 

The Russians attempted to minimize the possibility of testing behind 
the moon, and tried to maximize the difficulties of achieving com- 
munications from satellites orbiting the sun back to the earth. Actu- 
ally, the technical difficulty in deploying solar satellites is in some 
respects less than that of establishmg the high-orbit earthbound 
system. 

The Working Group agreed to include the establishing of solar 
satellites in its recommendations to the Conference: 


In the event that it is deemed necessary * * * a system of four satellites should 


be placed in appropriate solar orbits * * * when the state of technology permite 
(app. 3, p. 589.) 
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It appears in retrospect that the need for the solar satellites is prob- 
ably smaller, simce even if a test was carried out behind the moon 
the fission fragments from the explosion would drift beyond the limb 
of the moon in less than a second, and the delay gamma rays from 
these fragments would remain detectable from earthbound satellites. 
This means that the only major incentive for solar satellites would 
be to force the use of more complex shields for concealment. 

You have heard of the Argus effect and the successful American 
tests to demonstrate it. In these tests, three weapons of about 1- to 
2-kiloton yield were exploded at an altitude of about 300 miles. The 
fission fragments from the explosions produced electrons by radioac- 
tive decay, and these electrons were trapped in the earth’s magnetic 
field where they remained for a very long time, of the order of 1 
week, depending on the details of the altitude and energy of the 
charged decay particles. 

Such trapped particles can be detected by radiation counters carried 
in a satellite orbiting in this belt. This detection method is a very 
powerful one since a single satellite can patrol the whole region in 
which the charged particles are trapped and can sample the layer 
many times as the satellite circulates. 

For this reason, the Working Group recommended that a single 
satellite for this purpose should be included in the control system. 
Unfortunately, this method is restricted since it covers only the spe- 
cific region in which the trapping occurs, and since this trapping is 
not possible in a large region over the north and south magnetic poles 
of the earth. 

Nevertheless, this method makes it possible to deny an otherwise 
very attractive region of space to a potential violator with only a 
single satellite and relatively simple instrumentation. 

As mentioned earlier, the satellite-borne detectors will in general 
not provide coverage against tests carried out close to the earth but 
above the region included in the 1958 experts’ report. This inter- 
mediate region cannot be neglected, in particular since considerably 
greater weights can be lifted to altitudes of, say, 1,000 miles than can 
be lifted to hundreds of thousands of miles. For this reason the group 
also worked on detection systems based on the ground. 

Two of the systems involved observation of visible light which 
could be received on the earth after an explosion occurred at distances 
up to about 100,000 miles. These light signals would originate 
either from the explosion itself or from light produced in the upper 
atmosphere by the X-rays emitted by the device. 

It turns out that these two sources of light are independently 
useful since the direct light from the explosion would be very difficult 
to shield since the shield itself would become so hot that it would 
emit light also. On the other hand, the detection of light directly 
from the explosion is possible only in clear weather; for distant ex- 
plosions, however, it would be extremely improbable that all control 
posts which could see the event were hidden by cloud cover. 

The light produced by X-rays from the bomb in the upper atmos- 
here, however, is such that it will penetrate clouds without much 
oss, and it could be seen by instruments even in cloudy weather. 

Other methods have to do with the influence of an explosion on the 
ionosphere, a layer about the earth which contains free electrical 
charges and which, therefore, affects the propagation of radio waves. 
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The ionosphere makes radio communication beyond the horizon 
possible by reflecting radio waves of sufficiently long frequencies. 

The energy from a nuclear explosion at distances of many thousands 
of miles deposited in the ionosphere is sufficient to modify its proper- 
ties so that the absorption and reflection of radio waves will change. 
This phenomenon can be made use of in two ways: (1) by the so- 
called ionospheric radar method; and (2) by the fact that the strength 
of radio signals from outer space received on the earth is changed. 
The second method was discussed earlier by the experts. 

Both of these methods have been studied experimentally in connec- 
tion with the Orange and Teak shots of the Hardtack series, and also 
in the Argus experiments. These two methods are somewhat com- 
parable in performance, although the ionospheric radar method is 
probably more effective for weapons of smaller yields. 

When discussing these methods, we encountered, unexpectedly, 
opposition from the Russian delegates to including the ionospheric 
radar method in even our technical evaluation. 

After very extensive discussions, in which the Russians tried to 
attack the technical validity of the method, it became clear that their 
opposition derived primarily from concern that the method might 
detect other phenomena of military interest, such as missiles passing 
through the ionosphere. 

We succeeded in reaching agreement on a joint technical evaluation 
of the ionospheric radar method, but not on the recommendation for 
incorporation into the proposals for consideration by the Conference. 

I should now like to summarize the technical situation by showing 
a chart which gives the distances from the earth covered by these 
various methods—figure 3. You will note that we are discussing here 
a technically very complex system and the complexity derives directly 
from our desire to obtain coverage at all altitudes starting from those 

considered by the experts up to hundreds of millions of miles. 

Because of the blind spots of satellite systems near the earth, the 
problem of achieving coverage near the earth can be resolved only by 
the use of the large number of methods we have discussed. 































Ficure 3. Tus Drrecrion RANGEs OF THE VARIOUS METHODS DISCUSSED BY 
TECHNICAL WoRKING Grovr I. 








Techniques for detecting high-altitude and space explosions 












Approximate 
theoretical range 
Method (at control posts): (rniles) 
a ra i ei tte oe ae aoe 300, 000 
ERIN 2 Se a te can naa ore ea ree ge he ea i, anes 500, 000 
3. Backscatter radar___.........----- Pod JOR ELE 3, 000 
4. Costiie noise ahbatrptioned| oss uc cc cisektt Heke «si ws 1, 000-10, 000 
Du OO IITONATPEIG DOING oon hts bce wen docs unk’ =ne s-><o9h 3, 000 
In earth or solar satellites: 
1; Dermal A-fave._. 2 - Pee A Leer atare SEL Se _.-. 200, 000, 000 
3. Pees Mame VERE Le Ta eA elk el 300, 000 
3. ._ Debapetirpemnad tage cs lial .citwenisa teeta nsinwiivce 200, 000 
hh IN ini dic geal cctisie > eee nine Pde «ania etre eee 100, 000 
I Su ne nadia aie pa eit enaxel ea mens 10, 000 
at ann I oo on th. ent cane newamawauanes 30, 000 





” Norte 1.—At distances beyond 200,000 miles, only the X-ray technique will record radiation from a nuclear 
explosion. 

Note 2.—The X-ray technique can be shielded to degrade the range. Shielding would reduce the above 
range by a factor of 10 or more for explosions in the megaton yield range and by a factor of 100 or more for 
explosions of the order of 10 kilotons in yield. 
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I have here a chart in which I am putting distance in kilometers. 
This is 1, 10, and on up to 100 million and 1,000 million kilometers 
distant. I am showing here that the different methods which I have 
been discussing occur at different altitudes. The experts’ system goes 
up to 30-50 kilometers; that is as far as their system goes. 

Our interest goes from 30-50 kilometers as far as testing might be 
conceivable. Here the thermal X-ray method, if no shields are used, 
would cover all the way to the distance of the sun. If shields are 
used, then depending on details and on the size of the weapon, one 
would lose some number such as a factor of 10 in range for very large 
yield weapons and a factor of 100 or more for smaller yield weapons. 

Here are the shielded and unshielded detection ranges. This—the 
X-ray ery powerful method. However, the shielding 
reduces ranges to below 100 million kilometers. The prompt gammas 
cover a range of several hundred thousand kilometers. The delayed 
gammas have the same range and have the great advantage of not 
being shieldable by any method anybody has been able to think of 
because of the fact that these radiations come from fission fragments 
which are being thrown out by the weapons and are not part of the 
original explosion. 

Then we have the prompt neutrons, delayed neutrons, and finally 

the Argus system I discussed. ‘The Argus system uses the trapped 
electrons, but it has no coverage over the north and south magnetic 
poles. Then there are the satellite systems. Then there are the sys- 
tems deployed in the control posts which were already recommended 
by the experts. Then there is the so-called direct optical method 
where you detect the light flash from the bomb; this is valid from 
several times 100,000 kilometers down to about 1,000. Then there is 
the so-called fluorescence method that goes a little bit higher but is 
subject to shielding. Then the controversial back-scatter radar item 
to which the Russians did not agree. Then, finally, there is the so- 
called cosmic noise absorption which is a method where one observes 
the intensity of radio signals which come from outer space and see 
how they change as the result of explosion. 
As you see, we have a very large number of methods here—altogether 
10. But the reason we considered them to be necessary is that they 
supplement one another regarding their performance of coverage in 
altitude and regarding their response to shielding, and also because 
of the fact that identification is at best a ver y difficult problem even 
if you do achieve detection in this situation. 

So our report is summarized by considering these 10 different meth- 
ods, of which five would be carried in a single satellite and one—trapped 
electrons—would be carried in another satellite which goes around in 
the trapping layer around the earth. 

Despite the disagreement on the question of including the iono- 
spheric radar method and the objection to the large number of 
methods, I believe in general the outcome of the Technical Working 
Group was quite satisfactory regarding the degree of agreement 
achieved. Also, I believe it did establish that detection is technically 
possible to the largest ranges considered, and that only complex 
shielding measures could counteract this capability and then only at 
very great distances. 

Many questions concerning detection of explosions at high altitudes 
were not answered by the Technical Working Group, such as the 
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problems involved in decisionmaking as a result of signals received, 
in procedures for using vehicles for launching satellites for this purpose, 
and in ascertaining that the satellites were operating properly. 

In addition, the system considered involves a large expenditure of 
money and of technical manpower, and will take considerable time to 
achieve. Hence, the question as to what extent the control system 
is to be expanded to provide coverage for detecting explosions in 
space is still open. 

This concludes my testimony on this work. 

Representative Houirietp. Now, Dr. Panofsky, before we go into 
the next presentation which you are going to share with Dr. Brown, 
would you discuss in general what each control post would look like 
and what it would consist of in the way of machinery or devices? 

Dr. Panorsky. You mean if it were agreed to incorporate these 
devices? 

Representative Houirietp. Let us start with the type of devices 
we have now for detection purposes and assume that the 180 stations 
were set up according to the working papers. What type of instru- 
ments would we have in those stations? 

Dr. Panorsky. In addition to the ones agreed by the experts? 

Representative HouirireLtp. Yes. 

Dr. Panorskxy. The additional instruments—— 

Representative Houirie.tp. First give us what was agreed by the 
experts. 

Dr. Panorsky. What was agreed by the experts was a series of 10 
short-period seismometers and then some long-period seismometers; 
then the various devices for sampling of the air for detection of radio- 
active materials; then acoustic and electromagnetic detection 
devices. 

Representative Hoiirieip. Will you explain what those are? 

Dr. Panorsky. When a bomb explodes there is emitted a long- 
wave radio signal and certain types of radio receivers designed for the 
reception of very long waves would receive such things. They are 
essentially radio receivers of a very special kind. 

Representative Houmretp. Are all those instruments in existence 
at the present time? 

Dr. Panorsky. Prototypes of such things are in existence. Buta 
complete sample station has not been built. 

Representative HoLirietp. You say prototypes. Have the proto- 
types been tested to the point where you have any considerable data 
upon which there is agreement as to its interpretation? 

Dr. Panorsxy. Yes. The technical data which were being used 
by the experts were actual observations made with seismometers and 
with radio receivers and the corresponding devices. 

The specific stations which have been agreed on by the experts, 
have not as yet been built. Possibly some of the other witnesses here 
can discuss in more detail what the detailed experience is. I am not 
familiar with the detailed program of the low frequency electromag- 
netic and acoustic measurements, but these are all instruments which 
do not go beyond the experience which we have already had in prin- 
ciple. 

Representative HoxirieLp. Would your proposal, to go into the 
high altitude distances as you testified, require the development and 
manufacture of additional instruments which are at this time not in 
existence? 
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Dr. Panorsky. That is correct. The devices for the high altitude 
observation are all instruments which are not in existence other than 
that they would be made up of components which are in existence. 

As an example, in order to observe the light flashes, there has to be 
built and tested a group of detectors which have many facets looking 
out into space. They would have to be developed and tested and 
installed. 

Representative Ho.iirreLtp. Can you give us an estimate as to the 
time period that would be involved in developing these instruments 
and testing them? 

Dr. Panorsky. I take it we are still talking about the ground- 
based system. The general time periods for developing such a thing 
have been estimated to be of the general order of 2 years; these things, 
as you know, depend very much on the competition with other activi- 
ties requiring similar talents. 

The order of time in which one could develop these things is approxi- 
mately 2 years. The ground-post equipment is not a substantial 
extension of present art. 

Representative Hotir1eLp. You believe that they could be built if 
they were given the proper priority and in such quantities as would be 
needed for these 180 stations within a period of 2 years. 

Dr. Panorsky. It would take a very large effort to do so, but I 
think this is in principle possible; yes, sir. The remark I would like 
to make, however, is that after that period one would have to have 
operating experience to evaluate whether the performance is the way 
one has calculated here. 

Just because of the fact that neither in satellites nor on the ground 
have these instruments ever been built or tested, we are talking 
entirely about a theoretical system at the present moment. 

Representative Houirievp. As far as the altitude detection is con- 
cerned, this is entirely theoretical at this time. 

Dr. Panorsky. That is correct. 

Representative Ho.irieLp. But as far as the ground control stations 
are concerned, they are not theoretical. They are in existence in their 
component parts at this time. 

Dr. Panorsky. That is correct. 

Representative HoLirieLp. So on my question to you as to time, 
your answer applied to the ground test stations and not to testing 
devices or satellites which might be needed for the far off space type of 
detection. 

Dr. Panorsky. That is correct. 

Representative HotirieLp. Would you hazard a guess as to the 
time involved there? 

Dr. Panorsky. We have made studies of this and in this case the 
time scale depends a great deal on the detailed administrative ar- 
rangements which would be made. 

As an example, do we base a time scale on our own vehicles or do 
we assume that the other signatories to the treaty contribute theirs? 
We have made an analysis and the details I cannot give here. The 
answer depends also on which of the systems we are using, namely, 
whether we would be satisfied with a near-earth satellite or the far- 
earth satellite, and whether we would include the solar satellite 
systems. 
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The estimates in very rough numbers are that one talks about 2 to 
3 years for the near-earth satellites and 2 additional vears for the far- 
arth or solar satellites. So it is a total amount of something like 
5 years that is a reasonable number. 

Representative Honirrep. We are going into that in more detail 
later on in the program, but I thought it would be well to bring that 
point out at this time. In other words, we are talking in terms of 4 
or 5 years when we are talking about the instruments which have 
not yet been invented or tested. We are talking about 2 years in the 
use of the instruments which have at least their component parts— 
they may not be assembled together as we would assemble them—for 
that type of detection system. 

Dr. Panorsxy. That is correct. I would like to emphasize again 
that I am talking about technical leadtimes. These can be super- 
imposed on any other leadtimes which might arise in getting the 
systems into being. 

Representative HoutrreLtp. This would be predicated on an aggres- 
sive program of development unobstructed by political factors. 

Dr. Panorsky. That is right. 

Representative HoLirreELD. We have offered to engage in a research 
and development program with the Soviets. If our experience in 
negotiating with them is any criterion to go by, we would not anticipate 
a smooth-running development program. We might anticipate dif- 
ferences of opinion and delays which could be brought about by 
failure to agree on the type of research and development program and 
the different stages; is that not true? 

Dr. Panorsky. The program which we have proposed to do covers 
the seismic areas and not these under discussion here at the present 
moment. Our present proposal is that this shall be a coordinated 
program and not a joint program. This means that we are proposing 
to go ahead in doing the necessary research and development and 
promise to coordinate the activities with the other parties, but our 
own part of the program will not be held up as the result of lack of 
agreement in cases where differences of opinion exist as to what topics 
should or should not be included in the program. It is for that reason 
that we proposed a coordinated rather than a joint program. 

Representative Houirrevp. I think this is very important because 
if this is worth doing it is worth doing on a priority basis, and it is 
worth doing on a basis whereby the tempo of the research and develop- 
ment would not be obstructed by political arguments and postpone- 
ments and conferences and adjournments and “that sort of thing that 
we became so accustomed to in the conferences on the ending of the 
war in Korea and more recently on the test cessation conferences and 
the disarmament conferences. 

I am heartened by your saying that a program of research and de- 
velopment would be within our control and the tempo of it would be 
within our control and could not be obstructed by outside interests. 

Dr. Panorsky. That is correct. However, I would like to empha- 
size that we are talking here about a research and development pro- 
gram in seismic methods. This is the only one which is at present a 
subject of discussion. 

Representative Hotrrretp. That is right. We understand that 
background radiations can, by chance, produce a signal similar to an 
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explosion. Can you say whether there are natural events which pro- 
duce signals similar to explosions which are not simply chance fluctua- 
tions of the background radiations? 

Dr. Panorsky. The situation there is, of course, not as well known 
as in the corresponding situation on the earth simply because our 
experience on these background radiations has just begun recently 
as the result of our advances in space probes and satellites 

Our main concern with background is not that it gives very short- 
time bursts which will be mistaken for an explosion, but that, as the 
background radiation increases, the sensitivity of the instruments 
would decrease. 

One of the provisions which is necessary for the satellite detectors 
is to incorporate information-transmitting devices which tell us what 
the background is at the same time as the signal. So even if we are in 
the region of high background, the instrument can tell us that its 
performance has “degene rated. Therefore, that particular instance of 
time when the satellite goes to such a region of high background 
radiation, we will know that during this time it could not see as far. 

It is for that reason, of course, ‘that a larger number of satellites 
is suggested here than the minimum. So it is much less likely that 
all of them will find themselves in the region of high background. For 
that reason, the capability of the system is larger. 

However, I would like to emphasize that our estimates are based on 
best present knowledge, and since the age of space exploration is just 
commencing now, it is, of course, possible that there are surprises 
there. 

For example, the discovery of the Van Allen layer which limited the 
orbits where the satellites can be deployed was essentially one of 
those surprises. 

Representative Houtrretp. Can I ask you if there are natural ex- 
plosions such as the explosion of a meteorite or some other type of 
explosion which might be confused with a manmade explosion? 

Dr. Panorsky. I am not acquainted with such. 

Representative Honirretp. Now, as I understand it, Doctor, ex- 
plosions between about 1 million kilometers and 100 million kilometers 
from a satellite would be detected only by thermal X-rays. 

Dr. Panorsky. Yes. 

Representative Houirretp. Do you consider that the observation 
of a single short pulse of X-rays as the only evidence of an explosion 
without. any correlating data from other techniques would constitute 
a reliable determination that a violation had occurred? 

Dr. Panorsky. Certainly not if it was seen by only one satellite. 
If it was seen by several satellites I think it would be considered to be 
such. 

As I mentioned in my main presentation, the whole question as to 
what shall or shall not be a reliable identification is one thing which 
was not discussed by the conference at all. It is a very significant 
omission and certainly must be agreed upon if this area is to be 
included in the system. 

Representative Houirretp. In other words, you feel that this area 
would have to be explored. 

Dr. Panorsxy. Certainly there will have to be some agreement as 
to what the definition of identification is. This has not been dis- 
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cussed at all in this working group. As I mentioned in my main state- 
ment, the degree of detail with which questions of this kind were 
considered——— 

Representative Houirretp. Are you confining this answer to the 
space problem or the ground control problem? 

Dr. Panorsky. Space control problem. 

Representative Houirietp. May I ask you if there is an agreement 
on the interpretation of seismological recordings between the East 
and the West on the ground-station type of machinery which we 
have now? 

Dr. Panorsky. Excuse me. I do not think I understood the 
question. 

Representative Houirietp. Is there agreement as to the inter- 
pretation of the recordings of these instruments at the present time? 

Dr. Panorsky. Not a formal agreement; no. This is a matter 
which I will come to in my next presentation. There was an attempt 
in the Technical Working Group II to agree not on criteria for 
identification, but on criteria for eligibility for on-site inspection; the 
agreement is that the discovery of radioactivity would be iden- 
ification. 

The question as to criteria when a given event may be looked at 
was the attempt of the second working group and no agreement was 
reached. 

Representative Houirietp. Assuming that I have asked you an 
unanswerable question, if we get it into the next presentation we will 
postpone it at the present time, but what I am trying to determine in 
my questions is this, given a specific recording on a machine such as 
I present here to you, would there be an argument as to what that 
would indicate or is there general agreement as to the definition of 
the interpretation of what that wale mean? 

Dr. Panorsky. There is at present not general agreement. I will 
discuss that in the next presentation. 

Representative Houirienp. Very well. Are there any questions 
following the first presentation? 

Representative Homer. Yes. I have one following Mr. Holifield’s 
questioning on the development of equipment in these devices. 

What was discussed in regard to communicating any evidence of a 
suspicious manifestation from one of those stations, say, deep in the 
heart of the United States to headquarters in, say, Geneva? How 
would that be accomplished? 

Dr. Panorsky. Are you talking about communication from space 
to the stations? 

Representative Hosmer. I am talking about communications from 
stations to headquarters. 

Dr. Panorsky. This has been discussed to some extent, but not 
as part of this working group here. The working group which I have 
been reporting on dealt entirely with high altitude problems. There 
has been some discussion, but not extensive discussion as yet on the 
communication network which goes with the ground stations. 

Representative Hosmer. Do you believe it would be important 
that the communication system be of no greater unreliability than 
the detection system? 

Dr. Panorsky. That is right. 
Representative HotirieLp. Mr. Price? 
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Representative Pricer. Dr. Panofsky, how long do you think it 
would take to install 180 control posts for monitoring with the optical 
system? 

Dr. Panorsky. Including the optical system? 

Representative Pricn. Yes. 

Dr. Panorsky. I believe that the optical system part would not in 
any way define the time scale of installing the svstem because if it 
were decided that it is to be included, its development can go in 
parallel with the installation of the main system. 

So it would not constitute the leadtime. To get the system into 
worldwide establishment, various estimates have been made, but 
there exists at present no agreement on it. Before there might be a 
worldwide system one does talk about periods of 4 or 5 years. 

Representative Prick. Would you rely on this system without an 
operational test using nuclear explosions in space to prove your 
theoretical predictions on detection range? 

Dr. Panorsky. We have not thought about that in detail. We 
would certainly prefer to have a nuclear explosion in space for testing. 
The situation here is not quite as difficult a one, possibly, as the 
underground situation, because the radiations which do come from 
the weapons are very well understood. 

Our greatest uncertainties here are the natural sources. The 
question concerning the signals from the weapon is quite unambiguous. 

Representative Price. Is your answer that you place some calllaiinh 
on it? 

Dr. Panorsky. I would prefer an explosion for testing but I would 
not consider it an absolutely necessary condition. I would certainly 
prefer it to have a higher degree of confidence. 

Representative Prics. That is all I have, Mr. Chairman. 

Representative Hotirretp. You spoke of detecting in 1 second 
a shot that might be fired behind the moon because of the speed of 
fission products. Of course, this would apply only if the explosion 
was not accompanied by shielding, would it not? 

Dr. Panorsxy. No. 

Representative HouiFr1eLp. In other words, if it were shielded would 
it slow down the flight of the fission products? 

Dr. PANoFSKY. This particular method would not be affected by 
shielding because the fission fragments are part of the basic fissionable 
material source of the bomb which flies apart and the shield would 
also fly apart and hence the fission products could not be contained. 

Representative HotirreLp. What you are really saying is that there 
could be no effective shielding of a test under those circumstances. 

Dr. Panorsky. For that particular detection method. However, 
this particular detection method, if you will refer to the last table, 
has a maximum range of about 200,000 to 300,000 kilometers for 
1-kiloton explosions. Therefore, for the very largest ranges, for the 
hundreds of millions of kilometers, this particular method would not 
be effective simply for reasons of intensity. 

Representative Honirretp. Mr. Ramey? 

Mr. Ramey. You indicated, Dr. Panofsky, that the shielding of 
nuclear explosions in space is complicated. Do you believe the 


satellite detection system is simple or is it as complicated as the 
shielding problem? 
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Dr. Panorsxy. They are both complicated. We are talking here 
about a situation where both the testing and the detection are com- 
plicated. One asks frequently the question, ‘‘What costs more?” or 
the question which I believe is more relevant, ““How much would the 
cost of having to carry out explosions in space increase relative to 
doing such explosions under the most favorable conditions?” 

Again, this is a very broad question and the answer depends on 
details, but the estimate which has been made, which is based on 
only a rough study, is that the cost of carrying out tests if they have 
to be carried out far in space might be increased by a factor of 5 or 
10, and that the time it would take to accomplish test objectives 
would be stretched out by something like a factor of 2. 

But these studies, of course, are very rough and one can get a large 
variety of answers depending on the assumptions made. 
Representative Houirretp. Thank you very much, Doctor. 

(Dr. Panofsky’s formal statement on Technical Working Group I, 


follows:) 





















A PRESENTATION OF THE RESULTS OF TECHNICAL WORKING GROUP I 
(Hieu ALTITUDE) 








The 1958 Conference of Experts considered in detail the detection and identifi» 
cation of nuclear explosions only up to 30-50 kilometers. This upper limit is 
not related to a maximum distance beyond which nuclear tests are of no concern, 
nor is there any basis for this upper limit from the point of view either of a practical 
limit on carrying out nuclear tests or of prevention of fallout. We do not have 
good enough theoretical or experimental knowledge to determine reliably what a 
safe upper limit on nuclear detonations would be to prevent any fragments from 
returning to earth. This question is a very complicated one, and the answer 
depends in great detail on the state of electrification of the fission fragments and 
of the magnetic fields in space at large distances from the earth which would tend 
to trap such fragments. One can surmise that detonations carried out beyond 
the distance to the Moon (about 100,000 miles) would produce almost no debris 
which would return to the Earth. 

In discussing explosions in space and their detection, we are dealing with a field 
where there is a great deal less experience as compared to explosions in the atmos- 
phere and underground. The Conference of Experts in their final report specifi- 
cally discussed the possibility of explosions at much higher altitudes, but stated 
that they had not considered the matter in detail. Actually, in the work of that 
Conference there is considerable material bearing on this problem. 

I have little doubt that explosions at very large distances from the earth can 
be carried out, and that they can be used effectively for development of weapons. 
There are many kinds of tests that could be carried out in space as well as.in the 
atmosphere, depending on the objectives of the tests. Nuclear. tests in space 
would be carried out by having a test vehicle carry the device to the distance in 
question, then spread out test pods which would travel about 10 miles from the 
device, and telemeter signals from the explosion back to earth. The practicality 
of this procedure is well established in principle, but in a general way difficulties 
increase as greater and greater distances are considered—primarily because the 
weight of the pods increases because of telemetry requirements, and also because 
for a given rocket less weight can be carried as one goes to greater distances. 

Nuclear tests in space would limit the extent to which specific kinds of test 
observations could be used. Nevertheless, in principle the conditions would be 
entirely adequate for weapons development; in addition, space tests would be 
useful in cases where the absence of air is an advantage—for example, in connec- 
tion with development of nuclear weapons as warheads for ballistic. missile defense 
vehicles. 

Our only experience directly related to high-altitude tests are the shots in the 
Hardtack series, of which Teak and Orange were the highest. A certain fraction 
of the experience gained there is of value in discussing tests at high altitudes, 
but in general the problems would be quite different. A similar remark applies 
to detection. All the methods of detection which I shall discuss later are based 
on either theoretical considerations or a synthesis of various experimental measure- 
ments. We have, however, flown radiation detectors in satellites and have sent 
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communication signals over large distances. We are therefore in some phases 
of the detection problem in a situation similar to that in which we are with the 
problem of conducting tests in outer space: in both areas we have experience 
which makes us believe that such problems can be solved, but the actual situa- 
tion has not been tested. 

The purpose of Technical Working Group I was to consider explosions at 
distances greater than 30-50 kilometers, without specifying initially an upper 
limit on distance. From the point of view of practicality, we believe that such an 
upper limit should be considered to be several hundred millions of kilometers. 
This is beyond the distance from the earth to the sun, and present-day rockets 
would take about a year to carry the equipment for a nuclear test to such a 
distance. Hence, a test program would be very lengthy because one would have 
to wait a vear after the test vehicle was committed before any test data returned. 

In considering the problem of controlling outer-space testing, we are faced with 
basie decisions which must be faced in almost all arms-control problems. Testing 
in outer space represents a new possibility of carrying out a violation, although 
at considerable expense to the violator. The question of further concealment 
arises, too, in connection with tests in outer space. The rocket carrying the 
device could also contain shields which could unfold around the device and 
reduce the detectable signal. Again, this increases the complexity of carrying 
out such tests. At the same time, the control system can also be expanded, lead- 
ing to additional expense and complexity. From the purely technical point of 
view, it appears likely that, given arbitrarily high incentives on the part of the 
violator, it will always be possible to devise an essentialy undetectable means of 
carrying out the violation. I believe, however, that before that point is reached, 
there is the question of whether there really is sufficient incentive either for the 
violator to carry out tests under these extreme conditions or for the detecting 
system to be expanded to the maximum possible degree. 

The problem of controlling explosions in space is substantially different in 
respect to providing accurate identification of a nuclear explosion from that of 
controlling tests in the atmosphere or underground. It is considered that the 
detection of radioactive debris constitutes identification of an atmospheric test. 
For detection of underground tests, it has been agreed by the participants in the 
Conference on the Discontinuance of Nuclear Weapons Tests that seismic signals 
can be used to sort out a group of suspicious events, but that identification would 
have to depend on onsite inspection. Since explosions in outer space do not 
permit the collection of radioactive debris, and also preclude onsite inspection, 
there is the difficult problem of how reliable the detection of outer-space explosions 
must be to constitute a basis for identification. In the discussions of Technical 
Working Group I, such problems were not discussed to the same degree of detail 
as the atmospheric and underground cases had been. 

The terms of reference adopted by the Conference were as given in attachment 
(1) to this statement. Note that the phrase, ‘‘on the basis of the discussions and 
conclusions of the Geneva Conference of Experts,’’ was used. These words were 
put in at the request of the Soviet delegation. This point is a very significant one 
in all the technical negotiations. After the report of the 1958 Conference of 
Experts was filed with the governments of the three countries, all of them (inelud- 
ing the United States) formally accepted the report. As a result, the U.S.S.R. 
delegations like to refer to the report as a formal agreement on technical facts 
rather than as a technical working paper. In so doing, they propose that the 
experts’ report is an unchangeable point of departure for the political negotiators. 
On the other hand, the United Kingdom and U.S. delegations have assumed that 
the technical facts should be brought up to date to reflect changes in our knowledge. 
You will see that a great deal of our difficulty in these technical negotiations 
stems from this divergence of view of the role of the experts’ report. Specifically, 
the Russians are generally agreeable to considering changes in the technical 
situation if they appear to improve the capability of the detection system beyond 
that specified by the experts. Hence, they insisted on the phrase ‘‘on the basis 
of the * * * Conference of Experts’’ in the terms of reference. At the same 
time, any changes which appear to deteriorate the performance are always contro- 
versial when introduced into the technical deliberations. 

I should like to mention another circumstance of interest in understanding the 
problems encountered in the technical parts of these negotiations. We all 
realize that the Russians have very little interest in the technical reliability of 
control procedures because clandestine testing is essentially impossible in any of 
the Western countries. They do, however, have a very substantial interest in 
maintaining the secrecy of their country, and therefore in reducing the degree of 
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access demanded by the control system. Hence, it is always in their interest to 
minimize the extent of the control system; in order to do this, the tendency is to 
view the performance of the control system in the best possible light. Any 
critical evaluation of the performance of the system, therefore, always rests upon 
the shoulders of the Western delegations. In turn, this makes the performance 
of the negotiations very arduous for the Western technical delegates since in many 
eases the facts which have to form the basis for a critical assessment have not 
been developed. 

After these general remarks, I should like to discuss the work of the Technical 
Working Group. After considerable discussion, the group adopted the agenda 
given in attachment (1). As a result of the terms of reference and these agenda, 
we were in the fortunate position of being able to discuss the technical facts first, 
then to try to assess the technical performance of possible control systems based 
on these facts, and only after this to proceed to specific recommendations to the 
Conference. Note that our Group was not to make direct recommendations for 
the adoption of certain devices into the control system; we were only to recommend 
such devices for consideration by the political Conference. This meant that, 
despite the very substantial technical agreement reached by the Technical Work- 
ing Group, the question was left entirely open to further negotiation of the degree 
to which either side is willing to expand the experts’ control system to include 
capability for high-altitude detection. 

I would now like to discuss the technical situation in approximate terms. When 
nuclear explosions take place in outer space, radiations are emitted which can 
travel very great distances in the vacuum of outer space. Because of the earth’s 
atmosphere, however, only a small fraction of these radiations reaches to the 
ground. Asa result, the control of explosions in outer space demands two differ- 
ent types of detection systems, one based on satellites and one located on the 
ground. The ground-based types are more attractive from the point of view of 
cost and presumably also of reliability, and because they can be added to the 
control posts proposed in connection with atmospheric and underground detection. 
As we shall see, however, their performance is sufficiently limited that satellite- 
based detectors must also be considered. Nuclear explosions detonated in space 
emit a large variety of radiations, listed in table I. Of these, only visible light 
reaches down to the ground; all the others would be absorbed in the upper layer of 
the atmosphere. 

In order to design systems of satellites which would be sensitive to these radia- 
tions, one must consider the strength of these signals as well as the strength of 
comparable naturally occurring signals (“background”). Our knowledge of such 
background radiation is extremely scanty, although it is increasing very rapidly 
as a result of research carried out by means of satellites and space probes. Binee 
the detectable ranges depend on the competition of the signals from these two 
sources, any assessment which can be made will be fairly inaccurate. 

The existence of these various signals, with the exception of heat radiation in the 
form of soft X-rays (table I), was discussed by the experts. Our delegation to 
the Technical Working Group I introduced the thermal X-ray detection method 
which appears to have the largest range of detection; we also elaborated in con- 
siderable detail on the detection of the other signals. As a resuit of our work 
previous to the Technical Working Group and of deliberations during the meetings 
of the Group, we were able to agree with the other delegates on devices to be 
placed in satellites to detect thermal X-rays, prompt y-rays, delayed y-rays, and 
neutrons. The reason for wanting to detect this multiplicity of radiations has to 
do with a remark made earlier: One wants, in space surveillance, to receive as 
many signals from the event as possible in order to provide reasonable convincing 
identification of a nuclear test. There was relatively little disagreement on the 
facts relating to the performance of these various methods. When the method of 
detection of thermal X-rays was introduced by the U.S. delegation, there was at 
first considerable reluctance on the part of the U.S.S.R. delegates to accept it 
because it was a method not considered by the experts; as soon as they realized 
it actually constituted a considerable increase in the potential range of control, 
and therefore improved the control system, all objections disappeared. 

After some controversy, the possibility of using shields deployed around the 
device was also admitted by all parties, and a qualitative description of their effect 
on the total weight which would have to be carried into space was agreed on. 

If shields are used, the maximum detectable range can probably be decreased 
by an order of magnitude, even for weapons as large as one-half megaton; smaller 
weapons could be shielded quite effectively for shorter ranges. Added to the 
complexity of conducting a nuclear explosion in outer space, the observation of 
the results of such tests by instruments in test pods, and the means of transmit- 
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ting the information back, the deployment of such shields would of course be a 
very complicated and expensive undertaking, requiring in itself a great deal of 
development. 

There was considerable discussion of the specific orbits to be chosen for the 
satellites and of the number of satellites required. This arose from several facts: 
The first is that as a result of discoveries made by the American satellites and 
supplemented by Russian data, it is now known that there exist several layers of 
charged particles at altitudes above the earth of between about 1,000 and 20,000 
miles (‘Van Allen layer’). If detectors carried in satellites move through the 
Van Allen layer, then the sensitivity of detection would be very much depressed 
by the effects of the radiation in the layer. Hence, the satellites should be de- 
ployed either below or above the Van Allen layer. This creates further ques- 
tions: If the satellites are deployed below the Van Allen layer, then no one of them 
can see very far around the earth, and a very large number of them would be re- 
quired to blanket the earth so that no gap in the coverage would exist. We note 
here that in considering the system we must assume that the orbits of such satel- 
lites would be known to other countries involved. If the satellites are to be de- 
ployed below the Van Allen layer, there must either be many satellites or the sys- 
tem looking up from the ground must have considerable capability. If, on the 
other hand, the satellites are placed at higher altitudes (greater than 20,000 
miles), then a smaller number could survey the entire earth (about six) and their 
view would not be limited by the horizon. Both satellite systems, either the low 
or the high one, would have the same capability for looking out into space in 
addition to their capability for surveying the earth. 

The high-orbit satellites are technically more difficult to achieve: First, because 
considerably larger vehicles are required to carry the same detectors into the higher 
orbits, and second, because such high orbits are very difficult to establish without ‘ 
getting into trouble with the sun’s and moon’s attraction for the satellites. In 
fact, to the best of our knowledge, neither the Russians nor the United States 
have as yet placed a satellite in an orbit corresponding to the performance re- 
quired by the Technical Working Group for the high-orbit satellites. 

Figures | and 2 (pp. 45 and 46) indicate the disposition of these two types of: 
orbits, as discussed during the Technical Working Group. After considerable” 
discussion, the group decided that the high-orbit system should be recommended, 
as the first choice; but the possibility was left open that for economic or tech- 
nical reasons the lower-altitude system might be established first. 

A problem discussed during the Technical Working Group was the possibility 
of a violator’s carrying out tests behind the moon. For this reason, and also in 
order to make the use of shields more difficult, the group discussed the possibility 
of solar satellites. The Russians attemp‘ed to minimize the possibility of testing 
behind the moon, and tried to maximize the difficulties of achieving communica- 
tions from satellites orbiting the sun and back to the earth. Actually, the tech- 
nical difficulty in deploying solar satellites is in some respects less than those of 
establishing the high-orbit earthbound system. The Working Group agreed to 
inelude the establishing of solar satellites in its recommendations to the Con- 
ference: “‘In the event that it is deemed necessary * * * a system of four satel- 
lites should be placed in appropriate solar orbits * * * when the state of tech- 
nology permits,’ (app. 3, p. 589). It appears in retrospect that the need for the 
solar satellites is probably smaller since even if a test was carried out behind the 
moon the fission fragments from the explosion would drift beyond the limb of 
the moon in less than a second, and the delayed + rays from these fragments would 
remain detectable from earth-bound satellites. This means that the only major 
incentive for solar satellites would be to force the use of more complex shields for 
concealment. 

You have heard of the Argus effect and the successful American tests to demon- 
strate it. In these tests, three weapons of about 1- to 2 kiloton yield were ex- 
ploded at an altitude of about 300 miles. The fission fragments from the explosions 
produced electrons by radioactive decay, and these electrons were trapped in the 
earth’s magnetic field where they remained for a very long time, of the order of 
| week, depending on the details of the altitude and energy of the charged decay 
particles. Such trapped particles can be detected by radiation counters carried 
in a satellite orbiting in this belt. This detection method is a very powerful one 
since a single satellite can patrol the whole region in which the charged particles 
are trapped and can sample the layer many times as the satellite circulates. For 
this reason the Working Group recommended that a single satellite for this pur- 
pose should be included in the control system. Unfortunately, this method is 
restricted since it covers only the specific region in which the trapping occurs, ard 
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since this trapping is not possible in a large region over the north and south mag- 
netic poles of the earth. Nevertheless, this method makes it possible to deny an 
otherwise very attractive region of space to a potential violator with only a single 
satellite and relatively simple instrumentation. 

As mentioned earlier, the satellite-borne detectors will in general not provide 
coverage against tests carried out close to the earth but above the region included 
in the 1958 experts’ report. ‘This intermediate region cannot be neglected, in 
particular since considerably greater weights can be lifted to altitudes of, say, 
1,000 miles than can be lifted to hundreds of thousands of miles. For this reason 
the group also worked on detection systems based on the ground. 

Two of the systems involved observation of visibie light which could be received 
on the earth after an explosion occurred at distances up to about 100,000 miles. 
These light signals would originate either from the explosion itself or from light 
produced in the upper atmosphere by the X-rays emitted by the device. It turns 
out that these two sources of light are independently useful since the direct light 
from the explosion would be very difficult to shield since the shield itself would 
become so hot that it would emit light also. On the other hand, the detection of 
light directly from the explosion is possible only in clear weather; for distant ex- 
plosions, however, it would be extremely improbable that all control posts which 
could see the event were hidden by cloud cover. 

The light produced by X-rays from the bomb in the upper atmosphere, however, 
is such that it will penetrate clouds without much loss, and it could be seen by 
instruments even in cloudy weather. 

Other methods have to do with the influence of an explosion on the ionosphere, 
a layer about the earth which contains free electrical charges and which therefore 
affect the propagation of radio waves. The ionosphere makes radio communica- 
tion beyond the horizon possible by reflecting radio waves of sufficiently long 
frequencies. The energy from a nuclear explosion at distances of many thousands 
of miles deposited in the ionosphere is sufficient to modify its properties so that 
the absorption and reflection of radio waves will change. This phenomenon can 
be made use of in two ways, (1) by the so-called ionospheric radar method, and 
(2) by the fact that the strength of radio signals from outer space received on the 
earth is changed; the second method was discussed earlier by the experts. Both 
of these methods had been studied experimentally in connection with the Orange 
and Teak shots of the Hardtack series, and also in the Argus experiments. These 
two methods are somewhat comparable in performance, although the ionospheric- 
radar method is probably more effective for weapons of smaller vields. When 
discussing these methods, we encountered, unexpectedly, opposition from the 
Russian delegates to including the ionospheric-radar method in even our techni- 
cal evaluation. After very extensive discussions, in which the Russians tried to 
attack the technical validity of the method, it became clear that their opposition 
derived primarily from concern that the method might detect other phenomena 
of military interest, such as missiles passing through the ionosphere. We suc- 
ceeded in reaching agreement on a joint technical evelustion of the ionospheric 
radar method, but not on the recommendation for incorporation into the proposals 
for consideration by the Conference. 

I should now like to summarize the technical situation by showing a chart 
which gives the distances from the earth covered by these various methods 
(fig. 3, p. 48). You will note that we are discussing here a technically very 
complex system, and the complexity derives directly from our desire to obtain 
coverage at all altitudes starting from those considered by the experts up to 
hundreds of millions of miles. Because of the blind spots of satellite systems 
near the earth, the problem of achieving coverage near the earth can be resolved 
only by the use of the large number of methods we have discussed. 

Despite the disagreement on the question of including the ionospheric radar 
method and the objection to the large number of methods, I believe in general 
the outcome of the Technical Working Group was quite satisfactory regarding 
the degree of agreement achieved. Also, I believe it did establish that detection 
is technically possible to the largest ranges considered, and that only complex 
shielding measures could counteract this capability and then only at very great 
distances. 

Many questions concerning detection of explosions at high altitudes were not 
answered by the Technical Working Group, such as the problems involved in 
decisionmaking as a result of signals received, in procedures for using vehicles 
for launching satellites for this purpose, and in ascertaining that the satellites 
were operating properly. In addition, the system considered involves a large 
expenditure of money and of technical manpower, and will take considerable time 
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to achieve. Hence, the question as to what extent the control system is to be 
expanded to provide coverage for detecting explosions in space is still open. 


[Attachment No. 1] 


CHRONOLOGY 


June 15, 1959: Terms of reference adopted by Conference on the Discontinuance 


of Nuclear Weapon Tests, plenary meeting 95 (GEN/DNT/56). 
June 22, 1959: Technical Working Group I met for first of 20 formal meetings. 
June 22-23, 1959: Agenda of TWG-I discussed. 

June 23, 1959: Agenda adopted (GEN/DNT/HAT/PV.2). 

July 10, 1959: Technical Working Group I adjourned. 


July 10, 1959: Report of Technical Working Group accepted by the Conference 
during its 107th plenary meeting (@EN/DNT/109). 


TERMS OF REFERENCE 


“The Technical Working Group should assess the capabilities and limitations 
of possible techniques for the detection and identification of nuclear explosions at 
high altitudes (more than 30 to 50 kilometers) above the earth and, on the basis of 
the discussions and conclusions of the Geneva Conference of Experts, recommend 
techniques and instrumentation for consideration by the Conference for incorpora- 
tion in the detection and identification system.” 


AGENDA 
. Consideration of basic physical effects produced by high-altitude nuclear 
explosions in outer space and in the upper atmosphere. 


‘2. Detection and identification of high-altitude nuclear explosions by gamma 


radiation, neutrons, and other effects with the help of artificial earth satellites 
and other means. 


“3. Detection and identification of high-altitude nuclear explosi: ms by iono- 
spheric phenomena, including the absorption of cosmic radio noise, by optical 
phenomena and other effeets, which could be observed from the earth. 


“4, Drafting of the report containing the recommendations concerning tech- 


niques and instrumentation for detection and identification of nuclear explosions 
at: high’ altitudes.” 


Representative Ho.irretp. Dr. Panofsky, if you will remain seated, 
we will call Dr. Brown forward. 


Dr. Brown, will you come forward, please? 
Both of you gentlemen worked on Technical Working Group II.? 


STATEMENTS OF DR. HAROLD BROWN®* AND DR. WOLFGANG H. 
PANOFSKY* ON TECHNICAL WORKING GROUP II 


Dr. Brown. Yes, we did. My understanding was that Dr. 
Panofsky would give the talk on Technical Working Group II, 
but we will both be prepared to answer questions. 

Representative HoLtrF1ELpD. You may proceed with the second item. 
This is new data that you are going to testify on at this time. 

Dr. Panorsxy. I should like to report on the work of Technical 
Working Group II, which met in Geneva in November and December 
1959 to consider the problem of detection of underground nuclear 
explosions. As you know, the American delegation to the Conference 
on the Discontinuance of Nuclear Weapons Tests tried to reopen the 
question of control of underground nuclear explosions several times 
during late 1958 and 1959. On January 5, 1959, the American dele- 
gation tabled a working paper which presented the reasons they con- 
sidered the underground-detection situation changed. The working 
paper (GEN/DNT/25) was based on new data obtained during the 


2 The Report of Technical Working Group II, will be found in app. 4, p. 599. 
+See biographical sketches, pp. 6 and 35. 
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Hardtack series. It maintained (1) that the number of earthquakes 
equivalent to a given yield explosion which would occur naturally 
through the world was larger than had been assumed by the experts 
in 1958, and (2) that identification of earthquakes was more difficult 
than the experts had assumed, particularly by the so-called first 
motion method. During the following months, the American dele- 
gation frequently pressed for a reexamination of the technical situation. 
Agreement for such reexamination was finally reached, and Technical 
Working Group II, with Dr. James B. Fisk as chairman of the U.S. 
technical delegation, was convened on November 25, 1959. 

Representative Ho.irietp. At this point, for clarification in the 
record, the first working group worked on the results of one under- 
ground explosion, the so-called Rainier shot in Nevada. 

Dr. Panorsxy. No. The first Conference of Experts, which 
rr on the underground part of the work, had only the Rainier 
shot. 

Representative Houirre.p. It had only the Rainier shot? 

Dr. Panorsky. As its experimental backup material, plus, of course, 
genera! seismological experience and experience from chemical 


explosions. 

Renveiennsite Houirietp. Was Working Group I subsequently 
appointed? 

Br. Panorsky. Working Group I dealt with the high altitude 


problem only. 

Representative Ho.irietp. Working Group II gets back to the 
ground. 

Dr. Panorsky. That was the reexamination of the technical 
situation on the detection of underground explosions. 

Representative Hoiirrenp. How many underground nuclear ex- 
plosions occurred in the Hardtack series and when did they occur? 

Dr. Panorsky. The total number is five, but I do not have the 
dates here. 

Representative Hourrre.p. Just the year. Was it the fall of 1958? 

Dr. Brown. It was September and October 1958.! 

Senator Gore. If I may, Mr. Chairman, whether either of the 
witnesses can answer this question, I do not know. I would like to 
submit it and if they can give me an answer, I would be glad to have 
it. The Hardtack series tests were conducted before the political 
conference in Geneva began on November 1. I was briefed. 

Is that not correct? 

Dr. Brown. That is correct because the moratorium began the 
day the conference opened. 

Senator Gorn. As I have said here before, I was at the conference 
sable on the first day on its convening. Before leaving Washington, 
[ must say the very day before, I was briefed on the results of the 
Hardtack series of tests. Yet, upon arrival in Geneva I found the 
U.S. delegation proceeding upon the basis of the Rainier test. with no 
recognition of the results of the Hardtack series. Is there a technical 
scientific explanation of this, or is the explanation found in the slow- 
ness of bureaucratic processes. I don’t want to embroil you gentle- 
men in any area outside of your technical competency, but I just 
wonder if there is a technical reason why we found ourselves nego- 


1 The Hardtack IT series included the following underground shots: Blanca (19 kilotons), Logan (5 kilo- 
tons), Neptune (90 tons), Tamplais (72 tons), and Evans (55 tons). 
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tiating for unrealistic goals about whose lack of realism our Govern. 
ment at certain levels was informed. Later, we proposed to recognize 
the Hardtack series results and then we were accused of backing up. 

Now, is there a technical explanation of this? If so, give it to me. 
If not, you may proceed. 

Dr. Brown. I think I can give a partial explanation, Senator. 
The Hardtack II explosions took place in September and October of 
1958, with most of the underground explosions of that series coming 
rather late in the middle of October and beyond. 

The political conference which is still going on, the Conterence on 
the Discontinuance of Nuclear Weapons Tests, convened on October 
31. The data from the seismographs which were associated with the 
Hardtack I] tests were processed and a number of very capable tech- 
nical people continued to work on it through Nov ember, during which 
I believe vou were in Geneva. 

About November 23 or 25, about Thanksgiving, the people in the 
United States who were working on this data began to come up with 
some results and these results disturbed them a great deal. A pre- 
liminary statement about some of these results having to do with the 
size of seismic signals, which were smaller than had been expected 
for a given yield, and on the failure in many cases of the first motion 
criteria, was made available to the group in Geneva. Almost imme- 
diately thereafter, perhaps about a week thereafter, much of this 
data was brought over and some of the people who had been working 
on it, specifically, Dr. Romney, came over with it. This was 
talked about at some length in the delegation at the end of November 
and the first week in December. This was seen to be a fairly serious 
result; the degradation seen in the system seemed very serious. 

The Conference recessed for Christmas about December 18—again 
I don’t remember the exact date—and at that time it was felt im- 
portant enough to evaluate this data so that a group of us convened 
in the United States to do so. They worked over the Christmas 
holiday and New Year holiday, and by January 25, this group, which 
was convened by the White House, had completed its deliberations 
and the so-called January 25 statement about the Hardtack IT data 
was issued from the White House. 

So there is roughly a period of about 8 or 10 weeks between the 
explosions and the issuance of thisreport. I would say that the reason 
for this delay was technical. It takes that long to do anything like a 
decent job of analyzing that mass of data. In fact, I would say that 
it was not until almost a year later that the data was ‘really understood 
in what might be called a complete sense. The analysis has been 
going on from then until now. 

What one has gotten is a series of successive approximations which 

get better and better. This first approximation was issued on Jan- 

uary 5, about 2 months after the tests, and provided the basis for the 
actions of the U.S. delegation following that time. 

So there was a delay. “I would say that a fair part of it was inherent 
in the complexity and necessity for analyzing the technical data. 

Senator Gorn. The result was that the United States and the other 
governments at the conference took positions which were unrelated to 
the facts of the more recent tests. Speaking from strictly technical 
and procedural points, it would appear, would it not, the better part 
of wisdom to have awaited the results of tests before taking x positions. 
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That is hindsight, however, and I will not ask you to go into it because 
that question is of a political nature. In any event we were accused 
of being insincere, of backing down, of trying to change the rules in 
the middle of the game, when, as a matter of fact, our Government was 
only trying to base its position and to persuade the conference to take 
a position based upon the most recent and thoroughly examined facts. 
Do you agree with that? 

Dr. Brown. I agree essentially with it. I think I should say that 
scientific facts always change and one must either try to anticipate 
their changing or else try to make allowance for the possible uncer- 
tainties. 

Senator Gore. I did not think a scientific fact ever changed. 

Dr. Brown. I stand corrected. You are correct. I think our 
knowledge of nature changes as time goes on, and we may have 
mistaken beliefs about nature which are later corrected. 

Senator Gore. I want the record to show that I scored one scientific 
fact. 

Dr. Brown. A home run. 

Senator Gorse. Thank you, Mr. Chairman. 

Representative Houirietp. As a matter of fact, additional scientific 
facts sometimes change to a degree the interpretation of facts which 
were known before; is that not true? 

Dr. Brown. Additional facts certainly change our understanding 
of things, yes, sir. 

Senator Gore. But no facts ever change? 

Dr. Brown. That is philosophical. 

Representative HouirreLp. Proceed, Dr. Panofsky. 

Dr. Panorsxy. The context in which this group worked was a 
very difficult one—much more so than in connection with Technical 
Working Group I on high-altitude detection. The Russian delega- 
tion were acquainted with our opinion that the capability of the 
Geneva system was less than had been believed, and they were con- 
cerned about our political objective in this working group. The 
Russian political leaders were presumably concerned with the possi- 
bility that as a result of the work of this group their delegation would 
be forced to sign a statement jointly with the United Kingdom and the 
United States that the situation concerning control was very much 
inferior to the situation believed to exist in 1958, and that as a conse- 
quence the chance of the negotiations’ success would be impaired. 
Because of these worries, a substantial debate originated in the Con- 
ference concerning the terms of reference of the working group which 
was never fully resolved. 

The United States wanted the terms of reference to include a re- 
evaluation of the capability of the Geneva system based on new data; 
the Russians wanted to agree only to the presentation of the new data 
and of suggestions for the improvement of the system. The matter 
was finally compromised by having the terms of reference (attachment 
(1)?) include the discussion of the new data, suggestions for improving 
the system, and consideration of criteria by which suspected seismic 
events could be helpful for onsite inspection. 

The question as to whether an evaluation of the system was to be 
included was bypassed, but it was the U.S. view that discussion of the 


2 See p. 87, attachment 1 to Dr. Panofsky’s formal statement. 
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new data and studies when entered into the report of the working 
group would in fact constitute such an evaluation. 

The working group began with the presentation by the United 
States of new data from the Hardtack series. Some of the data had 
already been released to the Conference by the January 5, 1959, 
paper, but a large amount of further detail was provided, including a 
set of the original seismograms. It became clear immediately that 
it would be very difficult to obtain agreement on any matter which 
would make it appear that the experts’ control system was less 
powerful than had been believed, but that the U.S.S.R. delegation 
would press continually to obtain agreement on the various potential 
improvements to the system. 

The U.S. delegation took the attitude that all facts, whether they 
made the system look better or worse, had to be considered. Progress 
under these circumstances was quite slow, particularly since many 
of the technical matters were very complex and hard to deal with in 
formal sessions; the Russian delegation would not agree until the 
last week of the meetings to our proposal for informal discussions 
among the scientists, although this had been very effective during 
the Conference of Experts and during Technical Working Group I. 

There were extensive discussions on the problem of the number of 
‘arthquakes which would be expected worldwide to occur correspond- 
ing to a given yield nuclear explosion. The shots of the Hardtack 
series had indicated that the seismic signals produced were somewhat 
smaller than had been assumed by the experts; note that only one 
underground explosion had been fired prior to the 1958 Conference. 

In deriving information from the Hardtack data about the number 
of earthquakes expected corresponding to a given yield nuclear ex- 
plosion, the matter is greatly beclouded by the inaccuracy of our 
seismic information concerning earthwide occurrence of small earth- 
quakes. Specifically, a body of information on the frequency of 
occurrence of small earthquakes exists only for California and New 
Zealand, and going from this information to worldwide estimates, and 
particularly to estimates for the Soviet Union, involves many uncer- 
tainties; these uncertainties are in fact considerably larger than 
changes in the situation created by the new data of the Hardtack 
series. 

This issue is, therefore, not an important new consideration, and 
it now appears that probably its importance had been overemphasized 
in the United States. In discussing the matter with the Russians, 
however, we were faced with deliberate attempts by their delegation 
to force the estimates of the frequency of occurrence of earthquakes 
to a level well below the range of admitted uncertainties. 

The issues involved here are highly technical and have to do with 
such problems as tying together the seismic scales of magnitude 
between different regions of the earth, and the question of how to 
handle a scattered group of data in a statistically valid way. 

In the Russian presentations, attempts were made to reject data 
which made the estimated frequency of occurrence high while retaining 
data in the opposite direction. Also, the Russians introduced during 
the last sessions of the working group a new interpretation of the 
seismic magnitude scales which was totally unjustified, but which 
was repeated in their final report despite its rather obvious absurdity. 
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The discussions of this issue went on throughout the sessions of the 
working group and were not resolved. I consider this matter particu- 
larly unfortunate since the changes which are involved here according 
to our analysis are substantially smaller than the uncertainty with 
which the number of earthquakes equivalent to a given yield explosion 
can be determined without further research. 

Representative HouirreLtp. The Technical Working Group II 
report will be made part of the record (app. 4, p. 599). 

Dr. Panorsky. In the experts’ report, the only method treated in 
some detail for distinguishing earthquakes from explosions is that of 
so-called first motion. 

I believe Dr. Brown has already explained to you the first motion 
method and I shall not go here into detail. 

Representative Houirretp. Could I ask vou at this point, were the 
Hardtack series of test explosions all placed in the same type of earth, 
the so-called tuff earth? 

Dr. Panorsky. Yes. With very similar conditions. 

Dr. Brown. They were almost all at about the same depth, too. 

Representative HoutirieLp. Would that indicate that you do not 
have the variability which might occur in the recordings if it had been 
in granite, let us say, or some other type of earth? 

Dr. Brown. That is right. 

Representative Hourrretp. In order to have an international type 
of detection and interpretation of readings on the seismographs, would 
it not be necessary to have nuclear tests in different types of earth? 

Dr. Brown. [t would certainly allow you to settle this question 
by having nuclear explosions in different kinds of rock. As I say, 
we expect it to be a factor of afew. <A factor of a few may be impor- 
tant. On the other hand, it is not terribly important compared with 
a factor of a few hundred which you may be able to get other ways. 
Nevertheless, certainly at the time of the Conference of Experts, and 
even at the time of Technical Working Group IT, factors of a few were 
considered important. I think they may still be fairly important. 

Dr. Panorsky. These data were presented to the group at Geneva, 
and were attacked almost immediately by the Soviet delegations on a 
purely formalistic basis—that the instruments used by the American 
seismologists did not meet the specifications for such instruments set 
down by the experts. The assumption in this criticism was that it 
would be true a priori that the instruments proposed by the experts 
would be better than those in fact used. The relevant differences in 
the instruments were as follows: (1) The experts recommended that 
groups of 10 seismometers be used rather than the single instruments 

used in almost all the America stations. (2) A seismometer has 8 
so-called natural period, which is the word of free swing of the seis- 
mometer after it is disturbed. The experts specified that the natural 
period should be 1 second (although as it turns out there is some 
ambiguity in the wording of the experts’ report in this respect), and 
the American instruments had a natural period of about one-third 
second. 

Any criticism based on the first of these differences is totally invalid, 
since the effect of using groups of 10 and more instruments rather 
than single ones had been measured by the American seismologists 
and found to be in general agreement with expectations. In the 
analysis of the data we had already corrected for the expected im- 
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provement of going from 1 to 10; thus there should have been no 
controversy on this point. 

The second criticism also turned out to be invalid—not because the 
instruments were not in fact different from those specified by the 
experts (this is a matter of interpretation of the experts’ report), 
but because we were able to show conclusively that the instruments 
used were actually better than those recommended by the experts in 
regard to the problems of distinguishing the direction of first motion 
in the presence of seismic noise. 

The correctness of this technical fact was demonstrated during the 
meetings in two ways: First, by mathematical analyses carried out 
during the meetings; and second, by carrying out on very short notice 
an experiment in Oklahoma in which seismometers of the two char- 
acteristics to be compared were prepared, and very fortunately pro- 
duced a clear record of an earthquake which occurred on December 9, 
1959, during the time of the meetings and which showed the supe- 
riority of the instruments used during the Hardtack series in distinguish- 
ing the direction of fist motion. 

Despite the fact that the technical situation had thus been clarified, 
the Russian delegation maintained their position by retaining in their 
final report the earlier criticism of our results as unworthy of consider- 
ation since the ‘‘correct”’ instruments were not used. 

Representative Hotirretp. May I ask if that better instrument had 
been developed in the meantime, or did we have it prior to the Rainier 
shot? 

Dr. Panorsxy. It is the same instrument. The situation is as 
follows; it is a rather complex one. This so-called better instrument 
is what is known as a Benioff seismometer. It is the instrument which 
was used during the Rainier shot and also the Hardtack series. How- 
ever, the Conference of Experts reported a description of the seis- 
mometer to be used. Its wording was such that the instrument 
whose data formed the basis of the evaluation of the Rainier and the 
Hardtack shots was apparently not covered by these specifications. 

Representative Hotirietp. You mean in the description of the 
so-called correct instrument they did not properly describe the 
instrument that was used at Rainier, and the same instrument that 
was used at Rainier was used at Hardtack 

Dr. Panorsky. That is correct It appears now that the wording 
of the experts’ report is ambiguous in the English translation, but not 
in the Russian translation. In the Russian translation the way 
the wording actually appears it seems to indicate that the natural 
period must be 1 second, while in the American English version the 
wording is such that it specified what the maximum amplification of the 
instrument should be at a period of 1 second. This leaves open the 
question whether by that is menat that the amplification shall be a 
maximum of 1 second, or whether at 1 second the maximum amplifica- 
tion shall be a certain number. 

In the Russian, however, this ambiguity did not exist and therefore 
the period of maximum response was 1 second. Therefore, in their 
interpretation, which we could not disagree with, the experts’ report 
actually described an instrument which had not been used at in 
either of these series. Therefore, this nonexisting instrument was 
assumed by the Russians to be one which was a priori better than the 
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instrument which was used in the actual series in spite of the fact that 
it did not exist. I hope I made myself clear. 

Representative Hotrrretp. I understand, I think, what you said. 
You have in effect said that the difference in the interpretation of the 
Russian language and the English language resulted in the fact that the 
Russian language described an instrument which did not exist 
Nevertheless, it was an attempt to describe the instrument which 
was used in the Rainier shot, and in the Hardtack shots. Therefore, 
there was no improvement or weakening or strengthening of the 
original instrument. And so, therefore, your readings came from the 
same type instrument in the Hardtack series as in the Rainier series, 
but you had more of them in the Hardtack series. 

Dr. Panorsky. Yes. 

Representative Hotrrretp. Therefore, you had more data to analyze 
and to digest, and you came up with a different answer on the five-shot 
test series than you did on the one-shot test series. Have I analyzed 
that about right? 

Dr. Panorsxy. That is precisely correct. It was, of course, the 
intent of the experts to word the description broadly enough to include 
the instrument actually used in the Rainier shot and this is evident 
by reading the verbatim transcripts of the Experts’ Conference. On 
the other hand, it was attempted to leave some latitude in adjusting 
this physical parameter to the optimum value. It was unfortunate 
that this particular matter came up in this way. The technical situa- 
tion is precisely as you described. Therefore, the Russians chose to 
interpret the experts’ description to be a fixed ‘natural period of 1 see- 


ond despite the fact that the entire body of experience was based on 
the natural period of approximately one-third of that amount. 
Representative Houtirretp. Let me ask you this. In the science of 
seismology what type of instruments have the Russians used over the 
years as ee to the type we have used over the years? Have 


they been su 
difference? 

Dr. Panorsxy. I am not a seismologist and if you wish further 
details, Doctor Romney should answer that. 

Representative Houirretp. We will have that later. 

Dr. Panorsky. I can give some answer. They have an instrument 
which they discussed as being closer to their interpretation of the 
experts’ version which did have a period of about 1 second. 

Representative Hoiirretp. Did they show those instruments to 
you? 

Dr. Panorsxy. They described them and described their essential 
characteristics. In fact, this comparison test at Oklahoma was based 
on having us take the deser iption of their instrument, mocking it up— 
one can do this—and comparing it with the other instrument and 
running both of them together. We actually took an instrument of 
precisely those characteristics which the Russians attributed to their 
own instrument; by duplicating its characteristics in this Oklahoma 
test, we were able to show quite conclusively that the shorter period 
instrument gave a much more satisfactory performance in regards to 
reading the direction of first motion in the presence of noise. 

Representative Hourrretp. Did they furnish a sample of their in- 
strument or did you make the instrument according to their descrip- 
tion without seeing their instruments? 


stantially the same or have they been of substantial 
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Dr. Panorsky. We made the instrument according to their descrip- 
tion. It is not a matter of description so much. It turns out that a 
basic graph which they did furnish to us describes in all essential 
features the performance from the point of view of this particular 
problem. 

Representative Houirretp. Since you made that test of the two 
machines, have they acknowledged the validity of the one-third 
second machine? 

Dr. Panorsxy. No. This was actually a very amusing situation. 
After we introduced these items, the Russians inquired whether we 
would like to introduce our machine as a possible improvement to the 
system, despite the fact that it had been used all the way along, 
because of the fact that legally speaking in terms of their interpreta- 
tion of the wording, the 1-second instrument was the one of the 
experts. We agreed that if that would be more pleasing to them, we 
would be delighted to introduce our instrument as an improvement, 
but in that case one should realize that our Hardtack data already 
involved the use of the improved system. 

So that was the way the matter was left, but in the final report they 
still reiterated the fact that our conclusions were of no value because 
of the incorrect instruments having been used. As you can see, there 
were many places where legal training rather than technical training 
would have been of great advantage to us. 

It is indicative of the problems encountered during these meetings 
that it was not initially clear within the U.S. delegation itself when 
the Soviet delegation raised these objections whether they were in 
fact valid. It was only the analysis carried out during the sessions and 
the successful experiment so rapidly carried out that demonstrated the 
validity of the American instrument readings. I note here that in 
their final report the United Kingdom delegation stated their com- 
plete agreement with the American technical points. 

The Russians also criticized the U.S. delegation on the ground that 
our “new data’’ presented during the Working Group did not differ 
significantly from the material introduced to the Conference in 
January 1959. This criticism is to some extent valid since, as the 
example given above indicates, not a great deal of further analysis of 
the data was carried out in 1959. 

The next new information introduced concerned the problem of 
decoupling which is possible by detonating an underground explosion 
in a large hole. At the time of the meetings of the Working Group 
there were only preliminary experimental data on this point from 
work carried out by the British and presented by their delegation. 
Our estimates consisted of a combination of theoretical calculations 
and measurements made during the earlier Rainier explosion, and this 
made a very convincing story that seismic signals could be reduced by 
about a factor of 300 relative to the conditions pertaining at the 
Nevada test explosions. These calculations and data were introduced 
by our delegation, and were first attacked on technical grounds by 
the Soviet group. After detailed discussion indicated that the U.S. 
calculations very likely were correct, the Russians changed their posi- 
tion from technical attacks on our conclusions to the statements that 
they were “‘premature.” 

Material was introduced by both the United States and Soviet 
delegations on many suggestions for improvement of the experts’ 
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system and for improved methods of analysis of seismic signals which 
could be recorded. There was very little disagreement on these; 
after discussion of the methods, the results were agreed upon by all 
delegations. 

The technical situation here is very unfortunate. There exist a 
large number of potentially useful sources of seismic information which 
have bearing on the problem of distinguishing earthquakes from ex- 
plosions. ‘They are all based either on theory—which, in view of the 
complexity of the earth’s crust, might not be in accordance with 
observations—or on very incomplete experimental observation. 

Among such methods are the use of leanuied waves and their 
interpretation, reduction of noise by burying seismographs in deep 
holes, and improvement of the operating characteristics of seismic 
equipment in general. I shall not discuss these in detail since they 
will be dealt with in further testimony during these hearings. 

The principal problem is that these methods are potentially useful, 
but within the present state of knowledge there is no way of evaluat- 
ing quantitatively how useful they could be nor is it possible to write 
specific recommendations under which they could be used by unskilled 
operators. In the hands of skilled seismologists, even at present the 
use of some of these methods might very well improve the judgment 
which can be exercised in distinguishing earthquakes from explosions. 

Many of the improvements possible had been discussed previously 
and are described in the publicly released Berkner report.* In addi- 
tion to the possible methods introduced at the Technical Working 
Group, the Berkner Panel also considered the possibility of introduc- 
ing unmanned stations as ‘‘slaves’” of the control posts. These sta- 
tions might improve the system performance significantly, but at the 
same time add a great deal to the cost and complexity, in particular 
in regard to the communication networks required. 

In addition, such stations would require more personnel at the 
control posts and access of these personnel to the unmanned stations. 
None of these factors had been evaluated with sufficient care prior 
to the work of Technical Working Group II to enable us to discuss 
them in the negotiations. 

The next major topic discussed was the question of “criteria for 
initiating onsite inspection.””’ Whenever a seismic event is recorded 
on the instruments of the control system, the decision must be made 
whether it is eligible for onsite inspection. The system designed by 
the experts has enough sensitivity that it would detect but not 
identify roughly 15,000 earthquakes a year on a worldwide basis. 
Note again that this estimate is uncertain by a factor of about two or 
possibly more. Although all parties have agreed in principle that a 
certain number selected from these events should be eligible, neither 
the mechanism for making the selection nor the number of events 
allowed to be inspected has been agreed upon. It is clearly desirable 
first to reduce the number of eligible events by using the seismic 
information produced by the control system itself. 

Representative Houirievp. I think this last statement that you 
made is very important because many times we pick up a newspaper 
and you find a headline which says that the Russias have made 
another concession. They have conceded this and they have now 
adopted the American position, and so forth. Here clearly are two 
very important and vital areas to any kind of agreement and appar- 


*See app. 5, p. 643. 
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ently there is no concession on their part or no agreement on the part 
of the negotiators as to these particular areas. 

Dr. Panorsxy. That is correct. As I will discuss later on, there 
are certain concessions and areas of agreement, but there is still a 
great deal of work to be done. There are still a large number of 
items where agreement is necessary, which does not. exist as yet. 

Representative Ho.irretp. | heard an example once described in 
this manner. They agreed on the color of the automobile but they 
had not agreed on how many wheels, or whether there should be an 
engine in it vet. 

Dr. Panorskxy. I must say that this analogy is probably not too 
applicable here. I believe that actually the concessions which have 
been made are significant. I only would like to point out that there 
are a large number of items which are left which may very well turn 
out to be very contentious. 

Representative Ho.irretp. Maybe they have not agreed on the 
color either. You may proceed. 

Dr. Panorsxy. Depending on the accuracy to which the instru- 
ments of the control posts have been calibrated, a detected event 
could be located in an area between 50 and 300 square miles. Eligi- 
bility for inspection is presumably confined to such an area. If a 
certain number of detected events can be definitely identified as earth- 
quakes, they would no longer be eligible for inspection. We have 
called criteria which definitely identify @ seismic event as an earth- 
quake ‘‘negative’’ criteria. 

If a seismic event can be identified with a high degree of confidence 
as an explosion, then it could in principle be made mandatory that 
an onsite inspection be made. I shall call such criteria “positive.”’ 
The U.S. delegation formulated a rather complex set of negative 
criteria which would identify a certain number of seismic events as 
earthquakes but would leave a large fraction of the remaining events 
eligible for inspection. 

n arriving at these criteria, the U.S. delegation assumed that these 
criteria must not be so stringent that in case a nuclear explosion did 
occur more than half of such explosions would not lose their eligibility 
for inspection by virtue of these criteria. Based on the knowledge 
available to the delegation, these criteria turned out not to be very 
powerful, and in particular almost all seismic events of small magni- 
tudes would remain eligible. 

The U.S. delegation was unable to formulate any positive criteria, 
beyond agreeing with the other delegations that seismic events origi- 
nating in those areas whicn are usually considered ‘‘aseismic’’ (in 
which earthquakes, to our knowledge, do not occur) should be subject 
to inspection. The Soviet delegation took the position that it was 
the duty of the working group to formulate criteria which would 
remove eligibility for inspection from all but a very small fraction of 
seismic events. 

Senator Gore. That is a significant statement, it seems to me, 
Doctor. Why, in your opinion, or how, in your opinion, could that 
be the duty of a scientific group, that it was the duty of the working 
group to formulate criteria which would remove eligibility from events? 

How could the working group scientifically have that duty? 

Dr. Panorsky. The position taken was that dealing with 15,000 
eligible events on a nonscientific basis, making a selection on some 
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arbitrary basis, was not practical. Hence, scientific methods must be 
found to make this reduction possible. This was the attitude which 
they took. 

Senator Gore. In other words, you are telling us the attitude they 
did take and not why they took it. 

Dr. Panorsxy. That is correct. 

Senator Gore. That is fine. 

Dr. Panorsxy. I will continue here with my testimony which I 
think will make the situation somewhat clearer. 

The fact that the question of whether this can be done is a technical 
rather than a political one did not change their position. In several 
interesting exchanges, the Russians insisted that, if science was re- 
quired to find solutions to a problem, then such a solution would neces- 
sarily be found. 

This was a rather interesting exchange. The point which they were 
trying to make was that science had been able to solve many things 
which were considered impossible of solution up to that moment. 
So why shouldn’t they do it again if political necessity demands it? 
Our position was that this may or may not be so, but we had to base 
our discussion on the present state of affairs. The discussion went 
back and forth on this philosophical point: that science can always be 
made to do what it was supposed to do, and we said it could not. 

Senator Gore. In other words, you were assuming the position of 
a scientific delegation, and refusing to be drawn into political decisions? 

Dr. Panorsxy. We would say that the scientific situation is a 
certain situation, and these are the conclusions, and that the potential 
of science is limited by our knowledge at the present time. Whatever 
political demands were made on science did not change the present 
scientific situation: that decisions of this kind involved necessarily 
a mixture of scientific and political considerations, but that is no reason 
why the science itself should be subjected to change. 

Senator Gorr. You mean the ultimate decision as between coun- 
tries would be a mixture of scientific and political considerations? 

Dr. Panorsky. Certainly. 

Senator Gore. But the political considerations were not the pre- 
rogative of a scientific conference. 

r. Panorsky. That is correct. I will continue with my formal 
testimony. 

The Soviet delegation introduced a set of criteria which would in 
fact remove eligibility for inspection from a very large number of 
seismic events, including the explosions of the Hardtack series. The 
Russians did not include these in their final report, and we believe 
that they were not intended to be taken as a serious proposal. 

Senator Gorsz. It seems to me, Mr. Chairman, that the doctor is 
here giving some important testimony. Do I correctly understand 
the concluding sentences of the paragraph which you have just read 
to say that if the Russian criteria had been followed even our own 
Hardtack series of tests would not have been subject to inspection? 

Dr. Panorsky. That is correct. 

The Russians introduced a series of criteria which I believe were 
prepared rather hastily by their delegation, and if interpreted rigor- 
ously would have led to the result which is indicated, namely, that 
the Hardtack series shots would have been interpreted as earthquakes 
and eligibility for inspection would have been removed. However, 
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as I said before, I think it was the Russian intent to have these criteria 
only be made the basis of discussion; but they did not repeat them in 
their formal final report. Therefore, we believe that they did not 
intend them to be a serious scientific technical proposal. 

Representative Hoirietp. Will the gentleman yield? 

Senator Gore. Yes; I have finished. 

Representative Hoxirievp. I was just conferring with the staff here 
and I think we should put in the record at this point the respective 
power of the five Hardtack shots. As I remember, the Blanca shot 
was about 19 kilotons. 

Dr. Brown. That is right. 

Representative HouirreLp. And the others I think were less. Do 
you have them at hand? 

Dr. Brown. I can tell you roughly what they are. There was one 
about 5 and there were several below 1 kiloton. The interesting point 
is that even the 5- and the 19-kiloton explosions would by the origi- 
nally presented Soviet criteria have been identified as earthquakes, 
because they all produced some rarefactions. 

Representative HouiFiELp. In addition to refusing to consider the 
19-kiloton Blanca shot, they were perfectly willing to rest their case 
on the 1.7 Rainier shot. 

Dr. Brown. Yes. As Professor Panofsky pointed out, they were 
not really interested in a technically valid control system. They 
know there would not be any clandestine nuclear explosions in the 
West. They want to minimize access to their country, and, there- 
fore, it does not matter to their country if a system detects nuclear 
explosions, or not. The same would apply if they intended to cheat, 
which I am not suggesting they would. 

Representative HouirreLp. There is no consistency in accepting the 
data of the September 1957 Rainier shot of 1.7 and then asking that 
shots of the nature of 19 kilotons be excluded by the criteria they 
suggest. 

r. Panorsxy. I think their position is not quite as inconsistent as 
that, because since they did not acknowledge the validity of our meas- 
urements taken during the Hardtack series, therefore, the conclusion 
that their criteria would have made all our Hardtack shots ineligible 
for inspection is based on our measurements. ‘Therefore, if they took 
the legalistic position that because of the wrong instrument situation, 
or whatever one would consider, that our measurements had no bearing 
on the situation, then their position is not quite as inconsistent as that. 

This conclusion which I have written here that the Soviet criteria 
would have removed eligibility from all the Hardtack series explosions, 
is our conclusion and is based on our technical results. 

Shall I continue? 

Representative Hotirietp. You may proceed, sir. 

Dr. Panorskxy. The difficult question which faced us during the 
discussions and which faces us now is how to make use of the large body 
of seismic information called auxiliary or diagnostic aids, which 
might be useful but which cannot now be codified into specific criteria 
and whose effectiveness we cannot now evaluate. 

If choice of events to be inspected is left to one of the parties carry- 
ing out the inspection on the territory of another, then this auxiliary 
information might be helpful to an as yet unknown extent. At the 
same time, as knowledge progresses, some of this information might 
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grow into useful formal criteria. Beyond acknowledging this state of 
affairs, however, there was no way in which the U.S. delegation could 
responsibly introduce the use of these aids into the discussion. 

Since no agreement was reached on the basic technical data, it was 
clearly impossible to reach agreement on the formulation of the criteria 
for on-site inspection, despite the prominence of this item in our list of 
agenda. 

Representative HouirreLtp. At this point, Dr. Panofsky, this brings 
up again the evaluation on the part of members of the Congress and 
the public as to what areas of agreement have been reached in these 
particular 17 months of conferences. Here is a plain statement that 
this area here has not been agreed to. 

Senator Gore. Mr. Chairman, as you said a few moments ago, we 
have repeatedly read of so-called Russian concessions which later 
turned out to be more apparent than real. The most notable one was 
in a joint communique of March 19, in which the world was misled into 
thinking that the Russians had accepted President Eisenhower’s 
proposal, when in fact they had not. Since this was a joint communi- 
que, I suggest that Ambassador Wadsworth, who I understand is to 
arrive in Washington today, be invited to appear before the committee 
and explain to us the circumstances of this joint communique which 
misled our country and the people of all countries. 

Representative Hoiirretp. Your suggestion seems to be a good one 
to the Chair. I am not aware of whether this would be embarrassing 
to our Government to have its negotiator appear before a congres- 
sional committee at this point in the negotiations, but if it is the com- 
mittee’s will, we can explore this and if it would not affect the negotia- 
tions deleteriously, I would certainly be willing to extend an invitation 
at the direction of the committee. 

Senator Gore. If the administration should prefer it be an executive 
session, I would have no objection, although I do think that the Ameri- 
can people are entitled to the information. 

Representative WestLanp. Mr. Chairman? 

Representative Houirretp. Mr. Westland. 

Representative Wxstitanp. Dr. Panofsky, do I understand that 
your recommendation, which seems to be in the next to the last para- 
graph, seems to be that only tests giving rise to signals above 4.75 
would be banned and that 20 to 30 inspections would satisfy our re- 
quirements for adequate controls? 

Dr. Panorsxy. | have not gotten to that point in my testimony. 

Representative Houtr1etp. Will you proceed, please. 

Dr. Panorsxy. With the exception of the suggested improvements 
to the detection system, the working group ended with a disagreed 
report—really a letter of transmittal with three reports appended. 

I should like to comment briefly on the relation of the results of 
Technical Working Group II to the American “threshold proposal” 
to the Conference and to the recent Russian proposal to accept the 
threshold in combination with a moratorium on underground nuclear 
tests. The U.S. proposal attempts to relate the proposed test ban to 
the capability of the system for detection and identification. This is 
done by defining a threshold in terms of a seismic magnitude such that 
only tests giving rise to signals above such a magnitude would be 
banned. The magnitude of 4.75 was chosen, which corresponds to 
the seismic signal produced by about a 20-kiloton nuclear explosion, 
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closely tamped, and fired under the conditions of the Nevada test 
site. At this value the total number of seismic events remaining 
eligible for inspection would be small, so that it is believed that 
20 to 30 actual inspections a year in the Soviet Union might be both 
acceptable to the U.S.S.R. and satisfy our requirements for adequate 
control. At the same time, the threshold is set at such a high level 
that the incentive for carrying out large-hole decoupling would be 
reduced since holes which would provide decoupling for explosions 
much larger than 20 kilotons might have to be very large engineering 
enterprises. 

The principal concession made by the Soviet Union in accepting 
the threshold concept is the implied acknowledgment that there do 
exist substantial problems in the detection and identification of under- 
ground explosions; their acceptance is indicative of their willingness 
to negotiate on our technical terms. Despite the disagreement in 
Technical Working Group II, its work did serve the purpose of con- 
veying, apparently convincingly, the technical problems involved in 
detection of underground explosions, and did make it possible to 
carry out further negotiations on a political rather than a technical 
basis. 

Representative WestLanpD. Now, Doctor, could you answer my 
question. 

Dr. Panorsxy. I am sorry, could you repeat your question, please? 

Representative WresTLAND. Very well. I asked whether or not it 
is your recommendation that only tests that give rise to signals above 
4.75 be banned, and that 20 or 30 inspections would satisfy our 
requirements for adequate control. 

r. Panorsky. This is the official U.S. position, but not exactly 
in your terms. 
epresentative WrEsTLAND. I asked if it is yours. 

Dr. Panorsky. Whether it is my recommendation? 

Representative WrsTLAND. Yes. 

Dr. Panorsky. I would prefer not to answer this question. 

Representative WrestLanp. That is one of the reasons we have you 
gentlemen here. 

Dr. Panorsky. The reason I would prefer not to answer this ques- 
tion, sir, is because it is a matter of political judgment; namely, is a 
given fraction of events to be inspected an adequate deterrent to keep 
the other fellow from violating the treaty? This is a matter of 
political pucpeenh which I feel is not one where we have any more to 
contribute than any other citizen. 

Representative WestLaAnp. Maybe I have not understood every- 
thing you two have been saying here. I doubt if many people in the 
room have unless they are men of scientific mind. What I have 
understood, or what I have acquired out of this is the fact that you 
cannot detect underground explosions below this threshold if you 
have proper decoupling and proper shielding, and that explosions in 
areas aoe than 19 kilotons can be of very considerable benefit to 
furtherance of nuclear weapons. 

Am I wrong? Have I come to the wrong conclusion? 

Dr. Panorsky. Technically your conclusion is approximately cor- 
rect. It is true that you can detect nuclear explosions much smaller 
than that, but that the chance of identifying them correctly is low. 
Therefore, to turn the situation around, the chance of not being caught 
55625—60—pt. 1-6 
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for a violator is good. On the other hand, before one bases a recom- 
mendation on that conclusion, one has to take into account matters 
which are not part of either my testimony or my competence: (1) the 
importance of continuing weapons development in this area, (2) the 
mechanical effort required on the part of a violator to carry out this 
violation, (3) what this effort would do for him if deployed in other 
areas, and (4) the evaluation of what chance of detection would in 
fact be an adequate deterrent to another nation. It is these questions 
which I feel are entirely a matter of political judgment, which com- 
bined with the general importance of proceeding with this treaty, 
must be taken into account before a valid assessment is formed. It is 
for this reason that I would prefer not to give an answer to this 
particular question. 

Representative Houirretp. Doctor, if I might just say in the open- 
ing statement of the purpose of this hearing, we clearly stated that 
we wanted the testimony to be on the technical capabilities of the 
system. 

Dr. Panorsky. Yes. 

Representative Houtrrevp. [ really think, as Senator Gore said this 
morning, that you are to be complimented on confining your answers 
and your statement to the technical points. I think I am as much 
interested in the political decisions as any person at the table, but 
I do not believe that this series of hearings is for the purpose of going 
into the philosophical and into the political statements. What we 
want to do in this set of hearings, if possible, is to lay the technical 
facts on the table and let each individual on the committee and then 
the audience and among the witnesses draw their own conclusions 
from those facts. I hope that the committee agrees with the purpose 
and that we will not push any of the witnesses into making a con- 
clusive statement based on philosophy or policy matters. 

We tried to follow this same method in our radiation hearings and 
I think it came out very successfully, because we did place on the 
record a great many facts and the committee did not take the position 
of passing judgment on it. We left it for the American people to 
decide. 

Dr. Brown. I think that part of Mr. Westland’s question does have 
a technical answer, and I think Doctor Panofsky responded to it. 
Perhaps I can also. The proposal of early February—lI believe it 
was February 11—made by the United States that tests of seismic 
magnitude of 4.75 and above be banned for underground shots, and 
that 20-odd inspections a year would then be satisfactory to monitor 
that agreement, is, I think, an essentially technical conclusion. I 
think for that magnitude the detection system will detect and locate 
and identify a large enough fraction of the events, so that you could 
inspect a large enough fraction with the 20 inspections a year per 
country to make a good system. 

Representative Hosmer. Dr. Brown, just a moment. Your state- 
ment presupposes that you have an inspection procedure that itself 
is adequate, and that is the subject we have not gotten into at all. 

Dr. Brown. That is correct. Nevertheless, if you were to inspect 
half of the unidentified events, that gives you some capability. I 
don’t say this gives you a perfect capability. Below 4.75 magnitude 
the situation is quite different. Of course, such an arrangement does 
not purport to control explosions below that level at all. 
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As I understand the Soviet so-called concession, it is that they will 
agree to a treaty above 4.75 magnitude with some number of inspec- 
tions, providing that there is a moratorium, that is not a formal agree- 
ment but an agreement nonetheless, not to have nuclear explosions 
below that threshold. That, as I think has been clear from the testi- 
mony so far, but may be elucidated further, is not in any sense control 
in the same way. 

Representative Hosmer. May I ask this technical question? 

Would a violation show up any different on the detection equipment 
if it was a violation of a treaty than if it were of a moratorium on 
explosions under 4.75? 

r. Brown. They would be detected or undetected in the same 
way. It is a somewhat formal arrangement and the Soviets have 
made acceptance of the threshold, as 1 understand it, conditional on 
the amas re of the moratorium below the 4.75. 
een Hosmer. In this connection, are we talking about 
on. old Richter scale or is it something different? 

Dr. Brown. What we are talking about here is a unified magnitude, 
modified to use seismographs from about 20° out to about 90° of arc, 
measured on the surface of the earth. 

I believe that this magnitude was set up purely for this purpose, 
but it corresponds pretty closely to the Richter scale. 

Representative WESTLAND. Suppose you invented a machine that 
could register under 4.75 and you detect something that is suspicious 
and then you are faced with this treaty which specifies a 4.75 figure, 
and the Russians say, “No; you can’t look’’? Then what do you do? 

Dr. Brown. It is not clear what the situation is below 4.75. I do 
not know how the negotiations stand. I am not associated with the 
delegation any more. 

Representative WersTLANp. You believe that your detection 
equipment will continue to improve? 

Dr. Brown. Detection can improve and, of course, methods of 
concealment can also improve. I think one could modify or adjust 
such a threshold as a function of time. It will naturally be adjustable 
as a function of time. 

Representative Bates. Doctor, how many explosions or earth- 
quakes would you expect in this magnitude in the course of a year? 

Dr. 'Panorsxy. In the United States? 

Dr. Brown. Above 4.75? 

Representative Batss. Yes. 

Dr. Brown. I believe Dr. Romney will cover that in the next talk. 
My memory says that there will be the order of 50 or fewer per year 
of this magnitude in thr Soviet Union. 

Representative Barrs. Once these are reported and the inspections 
follow, then after you hit the figure of 20 or 30, that is the end of the 


‘ins ections, anybody can go ahead and set off anything they want. 


r. Brown. One would presumably arrange the inspections so 
that you did not run out of your quota before the end of the year. 
I think that would be fairly important. 

Representative Batres. That is the point I want to*make, make 
sure you keep a few in abeyance and hope you get the right ones. 

Dr. Brown. That would be the idea. 

Senator Pastore. A matter that concerns me arose during the 
development of this question which was put to the witness by Mr. 
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Westland, to the effect that it is the American position that 20 to 30 
inspections would be adequate. I think Dr. Brown substantiated 
that technically that number of tests is considered to be adequate. 
Do I understand correctly? 

Dr. Brown. It would be adequate to inspect a large fraction of the 
unidentified events that involve a magnitude of 4.75 or above. 

Senator Pastorr. A question was put to Dr. Panofsky whether 
or not he agreed with this position and he said he preferred not to 
answer. Do you disagree with it? Do I make my question clear? 
When the question was put to you whether or not you agreed tech- 
nically that the American policy as enunciated in your paper would 
be adequate, vou said, “I prefer not to answer that question.”” Now, 
I am asking the question, why do you prefer not to answer it? Do 
you disagree with it? 

Dr. Panorsxy. The reason I prefer not to answer it is essentially 
the point given by Mr. Holifield; namely, that the establishment of 
this policy does not only involve whether things are identifiable or not, 
but whether this is a large enough fraction. One could, for instance, 
insist that all identified events should be inspected. One might be 
satisfied with only one or two a year out of this. This is not a tech- 
nical thing. 

Senator Pastore. The question I am getting at is this: I am won- 
dering whether or not we are being confronted here with a paradoxical 
situation. If we are taking a calculated risk, if 20 to 30 inspections 
may not be sufficient on the big shots, why are we so careful and 
cautious in making an agreement below the small recordation below 
4.75? It seems to me where we are willing to go we are taking a 
chance anyway, according to your testimony. 

Dr. Panorskxy. That is right. I agree completely that in any 
agreement which we will make there will be elements of risk. 

Senator Pastore. In other words, even what we are willing to 
agree to accept, if the Russians would accept it, our position saneiven 
a calculated risk. 

Dr. Panorsky. Certainly. Let me possibly make the point clearer. 
The problem of adequate control of nuclear explosions or any arms 
limitation process will always involve an element of risk. If you 
demand that you have a control system which is certain on technical 
grounds alone, then there is no such a thing. Therefore, whether a 
control system is adequate means whether you are willing to accept 
this risk inherent in that particular degree of control, and involves 
among other things evaluation of the risk of not having a control 
system, of not proceeding with disarmament measures and arms 
limitation questions. 

Senator Pastorr. Which is a political question. 

Dr. Panorsky. Which is a political thing. It is for that reason 
I would prefer not to evaluate whether the degree of risk which is 
implied here in this number is a correct or not a correct assessment 
of the degree of risk which is acceptable. 

Senator Pastore. Would you care to venture at this time a guess 
as to the degree of risk involved even with the plan we consider to 
be satisfactory? 

Dr. Panorsky. By that you mean what is the chance of a violator 
getting caught? 

Senator Pastore. Yes, or a violator actually setting off a clandes- 
tine shot without being known or identified or detected. 
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Dr. Panorsxy. As a technical situation it is as follows: At magni- 
tude 4.75, and using the presently agreed distribution of control posts, 
the chances are about 50-50 that a 20-kiloton explosion would get 
identified as an earthquake or remain eligible for inspection. 

Representative HotirreLp. Providing it is not decoupled and 
providing it is in tuff. 

Dr. Panorsky. Yes. 

Let me repeat the statement: At 4.75, if a 20-kiloton nuclear explo- 
sion were set off under the same condition of Rainier coupling, then 
there is about a 50-50 chance that within the control system as en- 
visioned—— 

Representative Hosmer. Does that include the inspection part of it? 

Dr. Panorsxy. No. It would remain inspectable. The number 
of events which would be remaining according to Dr. Brown, are about 
50 to 100, and therefore 20 percent of those might be 20. So this 
means that you have, then, 20 percent times a half of 10 percent total 
chance of having an onsite inspection. So the overall chance of getting 
caught is then the product of that 10 percent times whatever one eval- 
uates the chance of success of an on-site inspection to be. 

Senator Gore. That means 9 to 1. Nine to one if one assumes the 
chance of on-site inspection to be 100 percent. These are rough 
num bers. 

Senator Pastore. From a technical point of view the paradox that 
I am talking about is this: We are being extremely cautious, and 
justifiably so, with reference to making a commitment as to these 
shots that will take place and record below the threshold of 4.75. 
We are saying continuously to the American people. and we are saying 
to the free world, that America cannot accept that kind of a proposal 
unless we have an airtight adequate system of inspection which we 
have not yet developed—or convinced the Russians that we have 
developed—on these smaller shots that will not record up to the point 
of 4.75. Yet you are saying here today that no matter what we agree 
to, we take a terrific sdinedadad risk. I notice the other gentleman 
is wincing in his chair. You are nodding your head in the affirmative 
and he is denying it. That is the thing that is puzzling here. You 
are agreeing with everything | say and your colleague is becoming 
very uncomfortable because you are agreeing. That is the thing that 
is disturbing me. Could we get that cleared up? 

Dr. Brown. Sir, what makes me uncomfortable is the implication 
which I am sure you didn’t mean, but I may have mistakenly gotten, 
that all risks are the same. I think that a system which has even a 
10 percent chance of being effective—and I am not saying this is the 
correct figure above 4.75, but maybe it is 10 percent—is one thing. 
A system which has zero chance of detecting a clandestine explosion 
because the clandestine explosion can be decoupled to the point where 
it is not detectable at all is quite a different matter. They are both 
risks. 

Senator Pastore. You are talking in terms of degrees. 

Dr. Brown. That is right. But it is a large degree. 

Senator Gorn. Have you finished? 

Senator Pasrorn. For the time being, yes. I may come back to 
the question. 

Senator Gore. I would like to know if I understand the percentages 
and degree of risk with the decoupling or without decoupling. 
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Dr. Panorsky. This is the degree of risk for a 20-kiloton explosion 
without decoupling. There is, however, this remark which I have 
already mentioned, namely, that since the size of a required decoupling 
hole increases with the size of shot you are willing to decouple, there- 
fore the payoff in decoupling is a great deal less when you are talking 
about a threshold as high as this, than the payoff would be if one 
were talking about a smaller number. 

To answer your question, I have indicated the approximate degree 
of risk which there would be in a 20 kiloton nondecoupled shot fired 
under the same conditions prevailing at the various shots in the 
Nevada test site. 

Senator Gorr. Assuming that a country would be willing to 
undertake the expense of the geometrically ‘larger hole, if that is a 
way of expressing it, for the decoupling of a “larger explosion. I 
understand that you say this would become expensive and that the 
country might not wish to do it because of that. But assuming 
that the testing of some particular weapon was so desired that a 
country was willing to undergo the expense of decoupling a larger 
weapon, say 50 kilotons, to the maximum of decoupling, what would 
be the percentage of detection then? I mean percentage risk of 
undetection. 

Dr. Panorsky. If a country would construct a hole such that the 
50-kiloton shot was decoupled by the factor of 300 then it would look 
only like two-tenths of a kiloton, and then his chance of even being 
located would be very, very small. So I think the answer to your 
question is zero. 

Senator Gorr. Zero? 

Dr. Panorsky. That means if he was willing to go to the expense 
of fully decoupling, or building a hole for 50 kilotons, which is a very 
large hole, then within the present system his chance of getting 
caught is negligible. 

Senator Gore. You have told us, if I correctly understand your 
testimony, that without decoupling, according to the proposal of 
February 11, there would be a 10 percent chance of detecting a 20- 
kiloton detonation uncoupled. If decoupling is maximized there 
would be practically no chance at all of detection. 

Dr. Panorsky. Well, I would agree with your statement excepting 
that there would be a 10 percent chance that a 20-kiloton explosion 
would actually be inspected. 

Senator Gore. I stated that. 

Dr. Panorskxy. The chance, with an adequate cavity for giving 
full decoupling, for 50 kiloton to be even detected would be negligible. 

I agree with your statement. 

Senator Gore. I have one further question. It may be one, 
Mr. Chairman, which these gentlemen may be able to answer or 
may not be able or may not wish to answer. 

About a year ago, I believe, Prime Minister Macmillan went to 
the Soviet Union and allegedly suggested the quota system for 
inspection. Theretofore the United States and Great Britain had 
been insisting that there be free inspection of suspicious events. 
Our Government was practically pulling its hair out because of 
Prime Minister Macmillan’s suggestion. 

Are we not now suggesting or have we not accepted and suggested 
ourselves a politically determined quota? If not politically deter- 
mined, an arbitrary quota? 
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Dr. Brown. It is somewhat arbitrary. However, I think that 
even before a year ago the United States was suggesting that it might 
not be necessary to inspect all unidentified events. So that so long 
as this remained a substantial percentage of the unidentified events I 
would say there was no logical change in the U.S. position. 

Senator Gore. What do you mean by logical change? 

Dr. Brown. What I mean by that, sir, is that the quota, if it is a 
percentage of the unidentified events, is a technically determined point. 

Senator Gore. What percentage would 20 be of the natural events? 

Dr. Brown. Above 4.75? 

Senator Gore. Yes. 

Representative HouirreLtp. I wonder if at this time, Senator, I 
could read into the record a portion of this transcript which is our 
official national position on this. 

Senator Gore. Surely. 

Representative Houirretp. It was given by Ambassador Wads- 
worth at Geneva and is under date of February 11.* It has been 
released today. I will read it as follows. It is not toolong. This is 
Mr. Wadsworth speaking at the Conference: 


As I said earlier, the specific threshold magnitude to be adopted under this 
approach would depend in large part on the level of inspection that the other 
delegations were prepared to accept. However, as a specific proposal under this 
approach my delegation is authorized to suggest the adoption of a threshold of 
magnitude 4.75 on the unified magnitude scale in common use by seismologists. 
Thus, depending on whether we are able to reach an agreement on criteria, either 
all seismic events of magnitude greater than 4.75 located by the system would be 
eligible for inspection, or alternatively only those events above such magnitude 
left unidentified after the application of the U.S. criteria would be eligible for 
inspection. In the former case we would propose that 20 percent of all events 
located by the system would be subject to inspection. 

In the latter case we would propose that 30 percent of unidentified events be 
inspected. On the basis of the best estimates provided by U.S. scientists and 
assuming the existence of control posts initially only on the territories of the 3 
original parties, it appears that either formula applied to events of magnitude 
4.75 or greater would result in about 20 inspections in the Soviet Union in the 
average year. 

At this point I should perhaps interpolate that our scientists believe that roughly 
speaking about 100 seismic events above a threshold magnitude 4.75 are likely to 
occur each year in the area of the Soviet Union and that about 70 of them are 
likely to remain unidentified by the original control net. Again, speaking very 
roughly, we believe that the number of comparable events occurring on the terri- 
tories of the United States and the United Kingdom taken together would be 
approximately the same. 

Once more I wish to make clear that the choice of which events were to be 
inspected from among those eligible would not, of course, be subject to any veto 
by the party on whose territory the inspection were to take place. This choice 
would be left to the other side. 


® T think that is all. What I wanted to establish was that the figures 
that are contained in our official position are 100 overall events in the 
Soviet Union, or 70 unidentified. This presupposes that out of the 
hundred we could say fairly definitely that 30 of those events are 
earthquakes. This leaves 70. In another place it Says 30 percent 
of 70 would be 21. Twenty percent of 100 would be 20. So we are 
actually talking about 20 and 21 inspections. The important part of 
this is that for some 15 months, I believe, up to this time—15 or 16 
months—we have been talking with the Soviets about a quota. They 
had continusouly said that we must accept a quota of inspections but 
we were never able to get them to say how many that quota repre- 
sented. They would never define the word quota in terms of tangible 


*See app. 2,:p. 527. 
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numbers after 15 or 16 months of negotiations. Then our Govern- 
ment came forward and made a suggestion which for the first time 
set a tangible number of inspections. The communique of that day 
did not bring this to the attention of the public at all. It is important 
that the public know that the U.S. Government has been trying to 
solve this problem and have even gone so far as to make a proposal. 
I am not passing judgment on whether the proposal is a good one or 
not, but at least we did make a proposal. 

As far as I know to this date the Soviets have shown no interest in 
it. They have not said they would accept it. They have not said 
that it is 10 times too large or that it is 5 times too large. They 
have just ignored the fact that we have offered a definite number. I 
think it is well to put in the record at this point from the official 
document. These documents will be part of the official record, all of 
them. (See app. 2, p. 527.) 

Senator Gorn. The doctor has just testified with respect to inspec- 
tions whether it is 1, 20, or 100, “since no agreement was reached on 
the basic technical data, it was clearly impossible to reach agreement 
on the formulation of the criteria for on-site inspection despite the 
prominence of this item in our list of agenda.” 

Even though they agreed to 20 they still have not agreed to the 
kind of inspection or the criteria for the inspection, as you have told 
us. 

Dr. Panorsky. If I could comment on this. I believe there is 
some misunderstanding here. What I was referring to here was the 
work of our Technical Working Group. In this Technical Working 
Group we did not agree on criteria. Then as the political negotiations 
progressed, we introduced the threshold concept, and the numbers 
which Mr. Holifield read from Mr. Wadsworth’s statement are pretty 
much in agreement with my testimony on the technical subject. 
Now, the present proposal under discussion which was introduced here 
is to make a choice out of the number of unidentified events—out 
of the 70 which are being talked about—just on a free choice basis. 

Representative Houtir1ELp. Random basis. 

Dr. Panorsxy. But to go from 100 to the 70, criteria would have to 
be applied, because if 100 are the total number of detected events, 70 
would be the number of unidentified events. However, if no agree- 
ment is reached in the future on how to go from 100 to 70, this would 
still not be a very major point. So the main thing which this proposal 
has done is to make it less important whether we do or do not agree on 
criteria. 

If we are allowed to make the choice of inspections we can apply our 
criteria. So it is not particularly necessary whether the method of 
going from 100 to 70 is agreed or is not agreed. 

Senator Gore. Doctor, it is not we who will make the inspection; 
it would be an international control organization that would make 
the inspection according to the plan. This international organization 
would be subject to conduct by agreed criteria and procedure. Is 
that not true? 

Dr. Panorsxy. There are two steps. Whether the method to go 
from 100 to 70 is arrived at by an international organization, depends 
on the way the negotiations are at present—I have not followed the 
negotiations for the last weeks. The choice of which of the 70 to 
inspect would be by the other country. I think that is the present 
situation. 


oe oh be ot otk ott ff oft ot am CL Oot ak otk Se mie 


=~ © O&A 4 es HD 


— 





he 
ng 
ns 
ors 
ity 
ct. 
are 
ut 


to 
70 
ee- 
uld 
sal 
on 


our 
| of 


on; 
ake 
hion 


Is 


» go 
nds 

the 
) to 
sent 


NUCLEAR WEAPONS TEST BAN CONTROLS 83 


Senator Gorge. Mr. Chairman, I would like to conclude by associat- 
ing myself with your commendation of these distinguished gentlemen, 
Dr. Brown and Dr. Panofsky, for giving us this factual and objective 
information. They recognize, as all men must recognize, that there 
are considerations here other than scientific and engineering in 
character, and that the ultimate decision by the Government is partly 
a political decision. Decisions partake of two characterizations. 
One is information. This is what you gentlemen have given us, for 
which I am grateful. The second is judgment of that information. 
Upon information and judgment or from information and judgment 
can, I hope, flow a correct decision. I am perfectly willing to recognize 
that in addition to the risk involved and the scientific and engineering 
facts, there are moral questions involved. There are security questions 
involved. I wish to conclude by again expressing to you gentlemen 
my appreciation for your appearance. 

Representative HouirreLp. Thank you very much, gentlemen, and 
Dr. Panofsky, you have been very helpful to the committee. 

Dr. Brown, we will see you again on the panels. 


(Dr. Panofsky’s full statement on Technical Working Group II 
follows :) 


A PRESENTATION OF THE RESULTS OF TECHNICAL WORKING GRovp II 


I should like to report on the work of Technical Working Group II, which met 
in Geneva in November and December 1959 to consider the problem of detection 
of underground nuclear explosions. As you know, the American delegation to 
the Conference on the Discontinuance of Nuclear Weapons Tests tried to reopen 
the question of control of underground nuclear explosions several times during 
late 1958 and 1959. On January 5, 1959, the American delegation tabled a 
working paper which presented the reasons they considered the underground 
detection situation changed. The working paper (GEN/DNT/25) was based on 
new data obtained during the Hardtack Oct. 58 series. It maintained (1) 
that the number of earthquakes equivalent to a given yield explosion which 
would occur naturally through the world was larger than had been assumed by 
the experts in 1958, and (2) that identification of earthquakes was more difficult 
than the experts had assumed, particularly by the so-called first motion method. 
During the following months, the American delegation frequently pressed for a 
reexamination of the technical situation. Agreement for such reexamination was 
finally reached, and Technical Working Group II, with Dr. J. P. Fisk as Chairman 
of the U.S. technical delegation was convened on November 25, 1959. 

The context in which this group worked was a very difficult one, much more 
so than in connection with Technical Working Group I on high-altitude de- 
tection. The Russian delegation were acquainted with our opinion that the 
capability of the Geneva system was less than had been believed, and they were 
concerned about our political objective in this working group. The Russian 
political leaders were presumably concerned with the possibility that as a result 
of the work of this group their delegation would be forced to sign a statement 
jointly with the United Kingdom and the United States that the situation con- 
cerning control was very much inferior to the situation believed to exist in 1958, 
and that as a consequence the chance of the negotiations’ success would be im- 
paired. Because of these worries, a substantial debate originated in the Con- 
ference concerning the terms of reference of the group which was never fully 
resolved. The United States wanted the terms of reference to include a reevalu- 
ation of the capability of the Geneva system based on new data; the Russians 
wanted to agree only to the presentation of the new data and of suggestions for 
the improvement of the system. The matter was finally compromised by having 
the terms of reference fattachment (1)] include the discussion of the new data, 
suggestions for improving the system, and consideration of criteria by which 
suspected seismic events could be helpful for onsite inspection. The question as 
to whether an evaluation of the system was to be included was bypassed, but it 
was the U.S. view that discussion of the new data and studies when entered 
into the report of the working group would in fact constitute such an evaluation. 
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The working group began with the presentation by the United States of new 
data from the Hardtack series. Some of the data had already been released to 
the Conference by the January 5, 1959, paper, but a large amount of further 
detail was provided, including a set of the original seismograms. It became 
clear immediately that it would be very difficult to obtain agreement on any 
matter which would make it appear that the experts’ control system was less 
powerful than had been believed, but that the U.S.S.R. delegation would press 
continually to obtain agreement on the various potential improvements to the 
system. The U.S. delegation took the attitude that all facts, whether they 
made the system look better or worse, had to be considered. Progress under 
these circumstances was quite slow, particularly since many of the technical 
matters were very complex and hard to deal with in formal sessions; the Russian 
delegation would not agree until the last week of the meetings to our proposal for 
informal discussions among the scientists, although this had been very effective 
during the Conference of Experts and during Technical Working Group I. 

There were extensive discussions on the problem of the number of earthquakes 
which would be expected worldwide to occur corresponding to a given yield 
nuclear explosion. This matter had been considered by the experts, and the 
numbers available at that time were used in arriving at their conclusions. The 
shots of the Hardtack series had indicated that the seismic signals produced were 
somewhat smaller than had been assumed by the experts; note that only one 
underground explosion had been fired prior to the 1958 Conference. In deriving 
information from the Hardtack data about the number of earthquakes expected 
corresponding to a given yield nuclear explosion, the matter is greatly beclouded 
by the inaccuracy of our seismic information concerning earthwide occurrence 
of small earthquakes. Specifically, a body of information on the frequency of 
occurrence of small earthquakes exists only for California and New Zealand, and 
going from this information to worldwide estimates, and particularly to estimates 
for the Soviet Union, involves many uncertainties; these uncertainties are in 
fact considerably larger than changes in the situation created by the new data 
of the Hardtack series. This issue is therefore not an important new considera- 
tion, and it now appears that probably its importance had been overemphasized 
in the United States. In discussing the matter with the Russians, however, we 
were faced with deliberate attempts by their delegation to force the estimates 
of the frequency of occurrence of earthquakes to a level well below the range of 
admitted uncertainties. The issues involved here are highly technical and have 
to do with such problems as tying together the seismic scales of magnitude be- 
tween different regions of the earth, and the question of how to handle a scattered 
group of data in a statistically valid way. In the Russian presentations, attempts 
were made to reject data which made the estimated frequency of occurrence high 
while retaining data in the opposite direction. Also, the Russians introduced 
during the last sessions of the working group a new interpretation of the seismic 
magnitude scales which was totally unjustified, but which was repeated in their 
final report despite its rather obvious absurdity. The discussions of this issue 
went on throughout the sessions of the working group and were not resolved. I 
consider thls matter particularly unfortunate since the changes which are in- 
volved here according to our analysis are substantially smaller than the un- 
certainty with which the number of earthquakes equivalent to a given yield 
explosion can be determined without further research. 

In the experts’ report, the only method treated in some detail for distinguishing 
earthquakes from explosions is that of so-called first motion. When an explosion 
occurs, the earth initially moves away from the explosion in all directions and, 
therefore, the first motion observed by a seismometer should be a compression. 
When an earthquake occurs, a large mass of earth shifts relative to another mass 
as a stress in a fault is relieved; as a result, the seismic signal produced by an 
earthquake is essentially a compression in some directions while it is a decom- 
pression or rarefaction in others. In principle, if the initial seismic wave received 
by any one seismograph is in a direction to indicate a rarefaction, then the source 
eannot be an explosion. The situation is unhappily not this simple, since the 
earth’s crust, even in the absence of earthquakes or explosions, is never com- 
pletely at rest but undergoes some continuing movements as a result of the move- 
ment of the oceans, effects of wind, and other disturbances. Hence the signal 
from an earthquake or explosion is always superposed on such signals of seismic 
noise. If the first motion seen by a seismometer is submerged in the noise, one 
can confuse the backswing of the seismometer, or second motion, with the first 
motion and thereby confuse a rarefaction with a compression. The Hardtack 
series indicated that, with the seismometers used, the first motion was smaller ip 
amplitude relative to the subsequent movements than had been estimated before, 
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and as a result the question of the noise hiding the correct answer is more serious 
than had been thought. 

These data were presented to the group at Geneva, and were attacked almost 
immediately by the Soviet delegations on a purely formalistic basis—that the 
instruments used by the American seismologists did not meet the specifications 
for such instruments set down by the experts. The assumption in this criticism 
was that ii would be true a priori that the instruments proposed by the experts 
would be better than those in fact used. The relevant differences in the instru- 
ments were as follows: (1) The experts recommended that groups of 10 seis- 
mometers be used rather than the single instruments used in almost all the Ameri- 
can stations; (2) a seismometer has a so-called natural period, which is the period 
of free swing of the seismometer after it is disturbed. The experts specified that 
the natural period should be one second (although as it turns out there is some 
ambiguity in the wording of the experts’ report in this respect) and the American 
instruments had a natural period of about one-third of a second. Any criticism 
based on the first of these differences is totally invalid, since the effect of vsing 
groups of 10 and more instruments rather than single ones had been measured by 
the American seismologists and found to be in general agreement with expecta- 
tions. In the analysis of the data we had already corrected for the expected im- 
provement of going from 1 to 10; thus there should have been no controversy on 
this point. The second criticism also turned out to be invalid—not because the 
instruments were not in fact different from those specified by the experts (this is 
a matter of interpretation of the experts’ report), but because we were able to 
show conclusively that the instruments used were actually better than those 
recommended by the experts in regard to the problem of distinguishing the direc- 
tion of first motion in the presence of seismic noise. 

The correctness of this technical fact was demonstrated durine the meetings 
in two ways: First, by mathematical analyses carried out during the meetings; 
and second, by carrying out on very short notice an experiment in Oklahoma in 
which seismometers of the two characteristics to be compared were prepared, and 
very fortunately produced a clear record of an earthquake which occurred on 
December 9, 1959, during the time of the meetings and which showed the superi- 
ority of the instruments used during the Hardtack series in distinruishing the 
direction of first motion. Despite the fact that the technical situation had thus 
been clarified, the Russian delegation maintained their position by retaining in 
their final report the earlier criticism of our results as unworthy of consideration 
since the ‘“‘correct”’ instruments were not used. 

It is indicative of the problems encountered during these meetings that it was 
not initially clear within the U.S. delegation itself when the Soviet delegation 
raised these objections whether they were in fact valid. It was only the analysis 
carried out during the sessions and the successful experiment so rapidly carried 
out that demonstrated the validity of the American instrument readings. I note 
here that in their final report the United Kingdom delegation stated their com- 
plete agreement with the American technical points. 

The Russians also criticized the U.S. delegation on the ground that our ‘‘new 
data’”’ presented during the working group did not differ significantly from the 
material introduced to the Conference in January 1959. This criticism is to 
some extent valid since, as the example given above indicates, not a great deal 
of further analysis of the data was carried out in 1959. 

The next new information introduced concerned the problem of decoupling, 
which is possible by detonating an underground explosion in a large hole. At 
the time of the meetings of the working group there were only preliminary exper- 
imental data on this point from work carried out by the British and presented 
by their delegation. Our estimates consisted of a combination of theoretical 
calculations and measurements made during the earlier Rainier explosion, and 
this made a very convincing story that seismic signals could be reduced by about 
a factor of 300 relative to the conditions pertaining at the Nevada test explosions. 
These calculations and data were introduced by our delegation, and were first 
attacked on technical grounds by the Soviet group. After detailed discussion 
indicated that the U.S. calculations very likely were correct, the Russians changed 
their position from technical attacks on our conclusions to the statement that 
they were “‘premature.”’ 

Material was introduced by both the United States and Soviet delegations on 
many suggestions for improvement of the experts’ system and for improved 
methods of analysis of seismic signals which could be recorded. There was very 
little disagreement on these; after discussion of the methods, the results were 
agreed upon by all delegations. 
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The technical situation here is very unfortunate. There exist a large number 
of potentially useful sources of seismic information which have bearing on the 
problem of distinguishing earthquakes from explosions. They are all based 
either on theory—which, in view of the complexity of the earth’s crust, might 
not be in accordance with observations—or on very incomplete experimental 
observations. Among such methods are the use of long-period waves and their 
interpretation, reduction of noise by burying seismographs in deep holes, and 
improvement of the operating characteristics of seismic equipment in general, 
T shall not discuss these in detail since they will be dealt with in further testimony 
during these hearings. The principal problem is that these methods are poten- 
tially useful, but within the present state of knowledge there is no way of evaluat- 
ing quantitatively how useful they could be nor is it possible to write specific 
recommendations under which they could be used by unskilled operators. In the 
hands of skilled seismologists, even at present the use of some of these methods 
might very well improve the judgment which can be exercised in distinguishing 
earthquakes from explosions. 

Many of the improvements possible had been discussed previously and are 
described in the publicly released Berkner report. In addition to the possible 
methods introduced at the Techncial Working Group, the Berkner Panel also con- 
sidered the possibility of introducing unmanned stations as “slaves”’ of the con- 
trol posts. These stations would probably improve the system performance 
significantly, but at the same time add a great deal to the cost and complexity, 
in particular in regard to the communication networks required. In addition, 
such stations would require more personnel at the control posts and access of 
these personnel to the unmanned stations. None of these factors had been 
evaluated with sufficient care prior to the work of Technical Working Group II 
to enable us to discuss them in the negotiations. 

The next major topic discussed was the question of ‘‘criteria for initiating on- 
site inspection.’”’” Whenever a seismic event is recorded on the instruments of 
the control system, the decision must be made whether it is eligible for onsite 
inspection. ‘The system designed by the experts has enough sensitivity that it 
would detect but not identify roughly 15,000 earthquakes a year on a worldwide 
basis. Note again that this estimate is uncertain by a factor of about two or 
possibly nore. Although all parties have agreed in principle that a certain 
number selected from these events should be eligible, neither the mechanism for 
making the selection nor the number of events allowed to be inspected has been 
agreed upon. It is clearly desirable first to reduce the number of eligible events 
by using the seismic information produced by the control system itself. 

Depending on the accuracy to which the instruments of the control posts 
have been calibrated, a detected event could be located in an area between 50 
and 300 square miles. Eligibility for inspection is presumably confined to such 
an area. If a certain number of detected events can be definitely identified as 
sarthquakes, they would no longer be eligible for inspection. We have called 
criteria which definitely identify a seismic event as an earthquake “negative” 
criteria. If a seismic event can be identified with a high degree of confidence 
as an explosion, then it could in principle be made mandatory that an onsite 
inspection be made. I shall call such criteria “‘positive.”” The U.S. delegation 
formulated a rather complex set of negative criteria which would identify a certain 
number of seismic events as earthquakes but would leave a large fraction of the 
remaining events eligible for inspection. In arriving at these criteria, the U.S. 
delegation assumed that these criteria must not be so stringent that in case a 
nuclear explosion did occur more than half of such explosions would not lose their 
eligibility for inspection by virtue of these criteria. Based on the knowledge 
available to the delegation, these criteria turned out not to be very powerful, 
and in particular almost all seismic events of small magnitudes would remain 
eligible. The U.S. delegation was unable to formulate any positive criteria, 
beyond agreeing with the other delegations that seismic events originating in 
those areas which are usually considered “aseismic” (in which earthquakes, to 
our knowledge, do not occur) should be subject to inspection. The Soviet 
delegation took the position that it was the duty of the working group to formulate 
criteria which would remove eligibility for inspection from all but a very small 
fraction of seismic events. The fact that the question of whether this can be done 
is a technical rather than a political one did not change their position. In several 
interesting exchanges, the Russians insisted that if science was required to find 
solutions to a problem, then such a solution would necessarily be found. The 
Soviet delegation introduced a set of criteria which would in fact remove eligibility 
for inspection from a very large number of seismic events, including the explosions 
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of the Hardtack series [!]. The Russians did not include these in their final report, 
and we believe that they were not intended to be taken as a serious proposal. 

The difficult question which faced us during the discussions and which faces 
us now is how to make use of the large body of seismic information called aux- 
iliary or diagnostic aids, which might be useful but which cannot now be 
codified into specific criteria and whose effectiveness we cannot now evaluate. 
If choice of events to be inspected is left to one of the parties carrying out the 
inspection om the territory of another, then this auxiliary information might be 
helpful to an as yet unknown extent. At the same time, as knowledge progresses, 
some of this information might grow into useful formal criteria. Beyond acknowl- 
edging this state of affairs, however, there was no way in which the U.S. delegation 
could responsibly introduce the use of these aids into the discussion. 

Since no agreement was reached on the basic technical data, it was clearly 
impossible to reach agreement on the formulation of the criteria for onsite inspec- 
tion, despite the prominence of this item in our list of agenda. 

With the exception of the suggested improvements to the detection system, the 
working group ended with a disagreed report—really a letter of transmittal with 
three reports appended. 

I should like to comment briefly on the relation of the results of Technical 
Working Group II to the American ‘‘threshold proposal’’ to the Conference and 
to the recent Russian proposal to accept the threshold in combination with a 
moratorium on underground nuclear tests. The U.S. proposal attempts to relate 
the proposed test Fun to the capability of the system for detection and identifica- 
tion. his is done by defining a threshold in terms of a seismic magnitude such 
that only tests giving rise to signals above such a magnitude would be banned. 
The magnitude of 4.75 was chosen, which corresponds to the seismic signal pro- 
duced by about x 20-kiloton nuclear explosion, closely tamped, and fired under 
the conditions of the Nevada test site. At this value the totel number of seismic 
events remaining eligible for inspection would be small, so that it is believed that 
20-30 actual inspections a year in the Soviet Union might be both acceptable to 
the U.S.S.R. and satisfy our requirements for adequate control. At the same 
time, the threshold is set at such a high level that the incentive for carrying out 
large-hole decoupling would be reduced since holes which would provide decoupling 
for explosions much larger than 20 kilotons might have to be very large. 

The principal concession made by the Soviet Union in accepting the threshold 
concept is the implied acknowledgment that there do exist substantial problems 
in the detection and identification of underground explosions; their acceptance is 
indicative of their willingness to negotiate on our technical terms. Despite the 
disagreement in Technical Working Group I:, its work did serve the purpose of 
conveying, apparently convincingly, the technical problems involved in detection 
of underground explosions, and did make it possible to carry out further negoti- 
ations on a political rather than a technical basis. 


[Attachment No. 1] 
CHRONOLOGY 


November 24, 1959: Terms of reference adopted by Conference on the Discon- 
tinuance of Nuclear Weapon Tests. 

November 25, 1959: Technical Working Group II met for first of 21 formal 
meetings. 

November 26, 1959: Agenda adopted (GEN/DNT/TWG.2/1). 

December 18, 1959: Technical Working Group II adjourned. 

December 19, 1959: Report of Technical Working Group submitted to the 
Conference. 


TERMS OF REFERENCE 


“The Technical Working Group of experts shall consider the question of the 
use of objective instrument readings in connection with the selection of an event 
which cannot be identified by the interne tional control organ and which could be 
suspected of being a nuclear explosion, in order to determine a basis for initiating 
on-site inspections. As part of their work, the experts, proceeding from the dis- 
cussions and the conclusions of the Geneva Conference of Experts, shall consider all 
data and studies relevant to the detection and identification of seismic events and 
shall consider possible improvements of the techniques and instrumentation.” 
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AGENDA 

“1. General statements. 

‘2. Consideration, proceeding from the discussions and the conclusions of the 
Geneva Conference of Experts, of all data and studies relevant to the detection 
and identification of seismic events and of possible improvements of the tech- 
niques and instrumentation. 

“3. Consideration of the question of the use of objective instrument readings 
in connection with the selection of an event which cannot be identified by the 
international control organ and which could be suspected of being a nuclear 
explosion, in order to determine a basis for initiating on-site inspections. 

4. Preparation of 4 report containing conclusions on matters discussed above.’ 


Representative Houirretp. Our next witnesses are Dr. Carl 
Romney of the Air Force Technical Applications Center, and Dr. 
Richard Latter of the Rand Corp. Dr. Romney was a member of 
the U.S. delegation to the Geneva Conference and also a member 
of Technical Working Group II. Dr. Latter was a member of the 
U.S. delegation at the Conference of Experts. He was also a member 
of Technical Working Groups I and II. These gentlemen will testify 
on means for improving seismic detection. 


STATEMENTS OF DR. CARL ROMNEY,’ AIR FORCE TECHNICAL 
APPLICATIONS CENTER, AND DR. RICHARD LATTER,’ THE 
RAND CORP. 


Dr. Romney. We were asked to discuss first the numbers of 
unidentified events, and in the interest of time I would like to request 
that my written statement which describes the mechanism by which 
we get our estimates of the number of earthquakes simply be incor- 
porated into the record. 

Representative Hotirretp. Dr. Romney, I believe your profession 
is that of seismology. 

Dr. Romney. Yes, sir. 

Representative Houirietp. Your biography, which will be in the 
record at this time, says that you were a meteorologist with the 
U.S. Navy from 1945 to 1946. You were research assistant in seis- 
mology at the University of California, 1947 to 1949. Seismologist, 
later chief seismologist, later consulting seismologist from 1949 to 
1955. Geophysicist and later assistant technical director of the Air 
Force Technical Applications Center. I have already indicated that 
you were a member of the U.S. delegation to the Conference of Experts. 

Dr. Romney. Thank you. 

Representative Bates. Mr. Chairman, if I may. 

Doctor, in the field of your own competency, do you agree with the 
statements that have been made here today? 

Dr. Romney. Some of them. 

1 Born: Salt Lake City, Utah; June 5, 1924. 

Education: B.S. (meteorology), California Institute of Technology, 1945; Ph. D. (geophysics), Univer- 
sity of California, 1956. 

Employment: 1. Meteorologist; U.S. Navy; 1945-46; 2. research assistant in seismology, University of 
California, 1947-49; 3. seismologist, later chief seismologist; Beers & Heroy, consulting geologists, geo- 
physicists, and engineers; 1949-55; 4. geophysicist; later assistant technical director; Air Force Technical 
Applications Center; 1955- . 

Related professional experience: 1. Member of U.S. delegation to Geneva Conference of Experts, 1958; 
2. member of Panel on Seismic Improvement (Berkner Panel), 1959; 3. member of U.S. delegation to 
Conference on Discontinuance of Nuclear Weapons Testing, Technical Working Group 2, 1959. 

2 Received a Ph. D. in theoretical physics at the California Institute of Technology in 1949. From 1949 to 
1957 he was a staff pores. at the Rand Corp. Since 1957, he has been the head of the physics division of 
the Rand Corp. r. Latter was an adviser to the U.S. delegation of the Conference of Experts 1958, a 
member of the U.S. delegation of the Conference on the Discontinuance of Nuclear Weapons Tests, and a 
member of the U.S. delegations of Technical Working Groups 1 and 2. Dr. Latter has recently 


a appointed chairman of the ad hoc group on seismic and high altitude detection to the Department of 
lense. 
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Representative Houirie.p. I will guarantee you that the witnesses 
that will be called before this committee will not agree 100 percent. 

Representative Batrs. I just wanted to bring that up. Will the 
doctor be on the panel later on? 

Representative Houirrevp. Yes, he will. 

Your statement will appear in full in the record. 

(Dr. Romney’s prepared statement follows: ) 


NuMBERS OF Seismic EVENTS AS A FUNCTION OF SIGNAL STRENGTH 
INTRODUCTION 


The statistics on the annual numbers of earthquakes which occur throughout 
the world are compiled in terms of an earthquake ‘‘magnitude”’ seale. As an 
illustration, it has been found that during an average year about 170 shallow 
focus earthquakes of magnitude greater than 6 occur, and it has been estimated 
that about 1,400 shallow focus earthquakes of magnitude greater than 5 occur. 
Of more relevance to the problems of monitoring a nuclear Weapons test mora- 
torium, however, are the numbers of seismic events of magnitude equal to or 
larger than the seismic disturbance caused by an underground nuclear explosion 
of some given yield. These numbers may be obtained if the equivalent earth- 
quake magnitudes of underground nuclear explosions are known. However, such 
estimates of numbers of earthquakes equivalent in size to underground explosions 
are very imprecise, for reasons dis@ussed below. 


EARTHQUAKE STATISTICS 


An underground nuclear explosion of, say, 20 kilotons corresponds in seismic 
effects to a very small earthquake—one so small that it could go virtually un- 
recorded at the existing seismographic stations in many parts of the world. Our 
knowledge of the total numbers of such small earthquakes is far from precise. 
Indeed, adequate statistics exist in only a few selected parts of the earth where 
there are dense networks of seismographic stations, particularly in southern 
California and New Zealand. For most other parts of the earth, good statistics 
exist only for very large earthquakes. Estimates of the numbers of small earth- 
quakes for most of the world are therefore obtained by assuming that the numbers 
increase with decreasing magnitude in the same proportion as the earthquakes 
of California and New Zealand. For this reason alone, the statistics for most 
parts of the world may well be uncertain by a factor as large as 2, i.e., if the best 
estimate for the number at a given magnitude is 1,000 annually, we should be 
quite prepared to find as many as 2,000 or as few as 500. In addition, there are 
relatively large fluctuations in the number of earthquakes occurring within a 
given area from year to year. 

About half of the world’s earthquakes can be expected to occur on the conti- 
nents, or in coastal and inland sea areas where hydroacoustic signals could not be 
expected to propagate to great distances, and therefore where only the seismic 
technique could be used for explosion detection purposes. About one in six of 
these earthquakes can be expected to occur in the U.S.8.R. and China combined; 
or about 1 in 10 can be expected to occur in the U.S.S.R. alone. Similarly, about 
1 in 10 can be expected to occur in the United States, mostly in Alaska and the 
Aleutians. Estimates of the numbers of earthquakes equal to or larger than a 
given magnitude are shown in figure 1. It should be remembered that the indi- 
cated numbers may be either overestimated or underestimated by a factor of 
about two. 


MAGNITUDE EQUIVALENCE OF EXPLOSIONS 


The Hardtack explosions of October 1958, and the Rainier explosion of 1957 
provide us with data on the signal sizes to be expected from explosions in one 
particular material; namely, Oak Springs tuff. These data showed that a 19- 
kiloton explosion produced signals equivalent in size to a small earthquake of 
magnitude of 4.75; a 5-kiloton explosion produced signals equivalent in size to an 
earthquake of magnitude 4.4; and a |.7-kiloton explosion produced signals 
equivalent in size to an earthquake of magnitude 4.06. Using statistics compiled 
on large earthquakes throughout the world, we are able to estimate that there 
will be between 1,000 and 4,000 earthquakes annually (with the best estimate 
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being 2,000) equivalent in size to a 20-kiloton explosion in tuff. It is similarly 
estimated that there will be between 2,500 and 10,000 earthquakes annually 
(with the best estimate being 5,000) equivalent in size to a d-kiloton explosion 
in tuff, and between 7,500 and 30,000 earthquakes annually (with the best esti- 
mate being 15,000) equivalent in size to a 1-kiloton explosion in tuff. Figure 2 
shows the estimated numbers for various equivalent yields between 0.5 and 100 
kilotons. These numbers are in agreement with the estimates by the U.S. 
delegation at the Conference on the Discentinuance of Nuclear Weapons Tests, 
Technical Working Group 2. 

It is also known that the material in which an explosion occurs can affect the 
size of the seismic signals generated. Since the total numbers of earthquakes 
vary with magnitude this, in turn, means that the number of earthquakes 
ecuivalent in size to a given nuclear explosion will depend in part upon where 
the explosion takes place. Our knowledge of the size of this effect is very limited. 
Thus, the uncertainties associated with coupling conditions at the source, com- 
bined with the uncertainties in the numbers of earthquakes, make the estimates 
of figure 2 very approximate indeed. 


ESTIMATES OF UNIDENTIFIED SEISMIC EVENTS 


Dr. Richard Latter will present the most recent estimates of the numbers of 
seismic events which will remain unidentified after analysis of data from the 
control system proposed by the Geneva Conference of Experts. Earlier estimates 
are tabulated below for completeness. 


(The data referred to follow:) 
TaBLE 1.—Estimated annual number of unidentified continental earthquakes 
(world wide) 

[Yield] 


ee 


Source of estimate 5 kilotons! | 10 kilotons! 20 kilotons ! 


and greater | and greater 


Conference of Experts _. 
Berkner Panel, experts network and equipment 
Berkner Panel, experts network, improved equipment 


Shots in tuff. 
2? Numbers could be half as large or twice as large, i.e., “300”? means “between 150 and 600.” 
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(By letter dated May 7, 1960, Dr. Carl F. Romney submitted the 
following for the record:) 


An estimate of the capability of the control system was made by AFTAC in 
January 1960, based upon the U.S. Technical Working Group II criteria. This 
estimate is based upon the ability of the control posts in the U.S.S.R., United 
States, and United Kingdom only, to identify earthquakes in the U.S.S.R. The 
results are found in the following table: 


Numbers of earthquakes in the U.S.S.R. detected but unidentifled by control posts in 
the U.S.S.R., U.S., and U.K. 
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Dr. Romney. Could I just say in summary of my prepared state- 
ment on the numbers of events that the main points contained in my 
prepared statement are, first, that the numbers are very imprecise, 
because we don’t have good information on numbers of small earth- 
quakes all over the world and, second, because we don’t have good 
information on the size of the seismic waves produced by nuclear 
explosions in material other than tuff. 

Now I would like to ask Dr. Richard Latter to give the most 
recent and probably the best estimates which have been made of the 
numbers of unidentified events which can be expected to result from 
the operations of the control system. 

Dr. Larrer. My remarks will concern the capabilities and limita- 
tions of a control system to detect and identify seismic events. To 
put what I have to say in proper perspective, I would like first to 
make clear two vital points. The first is—we know that the seismie 
signals from an underground nuclear explosion can by deliberate effort 
be reduced by a factor of 300 or more. 

Representative Horirietp. Let us understand what that means, 
Does that mean that a 300-kiloton shot could be reduced in seismic 
recordings to a 1-kiloton recording? 

Dr. Larrer. Yes, sir. 

Senator Gore. By what process? 

Dr. Latrer. This 1s by means of the large underground cavity, 
the so-called decoupling process. ‘ 

Senator Gore. Do you agree with that? 

Dr. Romney. Yes, indeed. 

Senator Gore. Are the other two scientists still here? 

Representative Houirietp. To clarify the record, I think Dr, 
Panoisky and Dr. Brown testified on the recording of a 20-kiloton 
shot under the conditions of the Rainier shot, which was not a de- 
coupled shot and which was in tuff type of earth in Nevada, and they 
did not go into the decoupling. Is that right? ; 

Senator Gore. Yes. I asked specifically about a 50-kiloton under 
decoupling and Dr. Panofsky said the chance of detection would be, 
I believe, one time negligible and another time zero. I didn’t go so 
high as 300 and now you are telling us that the chance of detecting a 
300-kiloton explosion would probably be nil. 

Dr. Larrer. Yes, sir. 

. Senator Gore. And you agree with it? 

Dr. Larrer. Excuse me. There is one question here regarding the 
feasibility of building a cavity of the size necessary to produce the 
decoupling factor of 300. This, I am sure, will be talked about in 
one of the later statements. 

Senator Gore. In other words, assuming that a country is willing 
and able either to find a cavern or cavity beneath the earth or to dig 
one, that they could conduct a 300-kiloton test explosion and reduce 
it to the seismic signal of a 1-kiloton under conditions of the Rainier 
shot. 

Dr. Larrer. Yes, sir. 

Senator Gore. Thank you. 

Representative Houirietp. You may proceed. 

Dr. Larrer. With the Geneva system, or any plausible modifica- 
tion of that system, even very large explosions might therefore go 
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undetected. Against these explosions the control system has no 
capability whatsoever and cannot provide a technical safeguard. 

The second point I want to make is that the seismic signals from 
underground nuclear explosions are believed to be similar to the sig- 
nals from some earthquakes. On this basis it is assumed that nuclear 
explosions cannot be identified by their seismic signals alone. A con- 
trol system can only identify earthquakes. Inspection of the site of 
an unidentified event, and therefore a suspected event, is required 
for the purpose of obtaining positive proof of the cause of the event. 
To prove that a nuclear explosion has taken place it is necessary to 
obtain a sample of radioactive debris. 

Keeping these limitations in mind at all times, we would like to be 
able to estimate the capability of a control system to detect and iden- 
tify seismic events in the Soviet Union and in the United States. 
To make such an estimate, however, it is necessary to have a great 
deal of information. The detailed location of the control stations 
must be specified. The frequency and distribution of earthquakes 
must be known. The seismic noise conditions of the control stations 
must be known—noise interferes with the detection of seismic signals 
and limits the capability of a control system. Finally, it is necessary 
to specify a criterion for identifying the signal from a given seismic 
event as being natural in origin, that is, earthquakes. Available data 
on all these aspects of the problem are meager and inconclusive. 

Some of the uncertainties can be eliminated by a continuing research 
program in seismology, directed at those questions pertinent to the 
detection problem. Some, however, can only be eliminated through 
free access to the Soviet Union—specifically, the availability of suit- 
able quiet sites for control stations, and the determination of the 
number of earthquakes occurring within the Soviet Union, particularly 
the low magnitude earthquakes. 

Senator Pastore. May I ask a question at this point, Mr. Chair- 
man? 

Representative Houtr1eLp. Senator Pastore. 

Senator Pastore. I ask this question in the concept of this idea of 
whether or not a voluntary moratorium of underground shots below 
the recommendation of 4.75 should be for 1 year, 2 years, 4 years, or 
5 years. Let us assume that earnestly both sides entered into an 
agreement for research in the field about which you are talking now 
and neither side would suspect the other side of dishonesty or in- 
sincerity in their drive to reach a technical answer with regard to this 
detection that we are talking about. In your opinion, how long would 
it take to discover this control system that we want to achieve? 

Dr. Latter. Sir, on a purely scientific basis there is no assurance 
whatsoever that you will find in any length of time either improve- 
ments in the system or improvements in concealment against the 
system. You simply cannot predict the course that the research will 
take. 

Senator Pastore. The reason I ask the question is because there 
has been an intimation that the Russians were asking for a mora- 
torium of 5 years. There has been some reluctance on the part of the 
free countries to agree. They think it should not be more than 1 year. 
In the context of that, the argument has been made that if either side 
is sincere and earnest in its cooperation with regard to developing this 
joint venture of researcn the agreement mignt be continued from 
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time to time. The question I am trying to formulate is this—I know 
it is speculative—in your opinion would it be that this moratorium of 
1 year might have to be continued five or six times before you would 
find the answers even if both sides were earnestly working at the 
research that might be necessary to discover the adequate system? 

Am I correct in that speculation? 

Dr. Latter. I would say it is certainly true that it will take time 
to learn the answers that we are looking for to improve detection. 
It will take time to learn about improved techniques in concealment. 
You will learn more and more with each year that goes by. Whether 
you learn the answers that you need to decide on an adequate control 
system in a year or 2 years or 5 or more, I simply do not know. 

Senator Pastore. Let me ask you this further question: Leaving 
out the political considerations which are necessarily intertwined in 
this whole process, but considering alone the technical aspects in, 
volved, is it your considered opinion that even though both sides 
were in earnest in this research that there would be a considerable 
amount of calculated risk involved even on a voluntary system that 
was negotiated for 1 year and might have to be continued from time 
to time. Do you understand my question? 

Dr. Larrer. Not entirely, sir. 

Senator Pastore. Let me repeat it again. Leaving out the po- 
litical aspects involved, and considering now only the technical as- 
pects, assuming that both sides were in earnest in developing this 
research which is necessary, and they negotiated a voluntary mora- 
torium that would be declared by the heads of government on both 
sides, of which we nave heard so much in this proposed plan, and let 
us assume that the President’s suggestion were accepted of a shorter 
term rather than a long term being suggested py Mr. Khrushchey— 
which I think is 5 years—is it your considered opinion that no matter 
what choice you took there is a considerable calculated risk involved? 

Dr. Larrer. Calculated risk with respect to detection? 

Senator Pastore. Yes. 


Dr. Larrrer. If you are not allowed to inspect below magnitude 
4.75 


Senator Pastrorr. Which would not be contemplated under a mora- 
torium. 

Dr. Latrer. Then I would say that all explosions that produce a 
signal below magnitude 4.75 would go unidentified as explosions by 
any control system. 

Representative Hotirieip. Proceed. 

Dr. Larrer. I was speaking, just before the question, about the 
uncertainties in determining the capability of the control system. 
Some uncertainties, and perhaps the most important ones, concern 
the nature of the seismic signals from unconcealed underground nuclear 
explosions. So far only six such underground nuclear explosions have 
been undertaken by the United States. These experiments have 
several possibly vital limitations. They were all conducted in the 
same environment at essentially the same depth below the surface 
and in essentially the same geological conditions. These limitations 
are important because the amplitude of the first ground motion, which 
presently is the only basis for identifying underground seismic events 
as earthquakes, may depend upon these parameters. They are also 
important in connection with all the diagnostic aids that have been 
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suggested for discriminating earthquakes from nuclear explosions. 






































We do not know at present whether the Nevada explosion signals are | &* 
characteristic of unconcealed underground explosions or whether they D 
are a very special type of signal which will be different for explosions T 
under other conditions. This uncertainty could be of overriding 
importance in evaluating the capability of a control system. For in 
using the characteristics of the Nevada signals as a basis to discrimi- 
nate earthquakes from nuclear explosions, the possibility exists that | ™ 
all our conclusions will be proved wrong at some later time. Never- [| _ 
theless, for the present that is all we can do and that is what we have | * 
done. ye 
Specifically, we have taken the criterion given in the U.S. report th 
of Technical Working Group II, which identifies a seismic event as | S@ 
an earthquake, provided the peak seismic signal is 20 to 40 times the | °&™ 
noise background, and provide first motion rarefactions are observed } 1” 
at four stations. This criterion was believed by the U.S. Working 
Group II to be a good criterion, consistent with the Nevada under- fie 
ground nuclear explosion data. A good criterion should identify as _ 
many earthquakes as possible but should not misidentify nuclear | °° 
explosions as earthquakes. When it came to other uncertainties such hrs 
as the frequency of earthquakes in the Soviet Union all we could do i 
was to make a good guess. ’Y 
Before presenting the results for the system capability, however, | ™° 
I would like to remind you that the current U.S. proposal to the J ©®" 
Conference on the Discontinuance of Nuclear Weapons Tests is for a this 
threshold at magnitude of 4.75 which corresponds roughly to the 19 be 
kiloton Blanca explosion. Therefore, our analysis is aimed primarily | ™% 
at the question: How many earthquakes per vear of magnitude greater 7 
than 4.75 fail to be identified as earthquakes by the control system J CU" 
and could therefore be suspected of being nuclear explosions. crat 
In our first study we assumed that control stations of the Geneva | the 
system were located in three countries only—14 stations in the United } °*P 
States, 1 in the United Kingdom, and 21 in the Soviet Union. While | 8° 
there are no agreed numbers of stations in the three countries, these OT 
assumed numbers are consistent with the agreed system requirements 
of the 1958 experts report. All of these stations were assumed to be 
equipped with the improved seismic instrumentation recommended J *"°: 
by Technical Working Group IT. 7 
Representative Houirretp. And that seismic instrumentation is ) 
available now. What I mean by that, it has been invented and de- A’ 
signed and constructed in component parts and it could be put together | ™°t 
on the basis of existing seismic instrument capability. and 
Dr. Larrer. That is my understanding, that the component parts 7 
for the detection system are the Benioff seismographs which have f "\°" 
been known and are used. The question of putting them together whic 
in an array of 100 seismographs I don’t know the answer to. I be- oo 
lieve that has not yet been explored experimentally and this is one of ' : 
the problems that is facing the research program. car 
Representative HoLiFieLp. But at least we are talking about a pos- V 
sible arrangement this time. wove 
Dr. Latter. Yes, sir. resul 
Representative Hoiirretp. And one which would not require 4 hes 
Si 





long period of research and development. 
The instruments themselves. I am not talking about the history 


of their recordings. 
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Dr. Latrer. Yes, sir; that is correct. There are other types of 
equipment rec ommended by Technical Working Group II, long period 
instruments. I think, too, these are in existence. I am told by 
Dr. Romney that not all of the equipment that is recommended in 
Technical Working Group IT does exist. 

Representative HoLiFIELp. Some of it has to be developed. 

Dr. Larrer. Yes, sir. But the important parts for identification 
are presently in existence. 

To continue, the results of the study are—with this kind of control 
system there would be 173 earthquakes above the threshold per 
years in the United States ‘elidel are unidentified and 53 per year in 
the Soviet Union. If the Geneva system of control stations is in- 
stalled throughout the whole world, the number of such unidentified 
earthquakes in the United States is reduced to about 143 per year and 
in the Soviet Union to 28. 

If we make the assumption that, say 30 percent of these unidenti- 
fied events will be inspected, there will be 52 inspections per year 
within the United States in the first case, and 43 per year in the 
second—and 16 inspections per year within the Soviet Union in the 
first case and 8 per vear in the second. 

To make sure of these results we went back over our analysis ste 
by step to see what are the critical assumptions on which the results 
most sensitively depend. We found that the criterion for identifying 
earthquakes was far and away the most important assumption. ‘For 
this reason we decided to reexamine all the Hardtack seismic data, to 
be as sure as possible that the criterion used—the criterion of Tech- 
nical Working Group I1—was well founded. 

The result of this study was that—we were not able to convince 
ourselves that the criterion of Technical Working Group II is a valid 
criterion. In particular, this criterion depends almost entirely on 
the capability of the control system to detect first motion from nuclear 
explosions at the great distance of 2,500 to 3,500 kilometers—the 
so-called far zone. Unfortunately, the Hardtack seismic data do not 
provide reliable confirmation of this capability. 

The Hardtack data do show, however, that the first motion can be 
reliably detected within the so-called near zone, out to about 1,100 
kilometers from the source. 

Representative HouirreLp. How many miles is that? 

Dr. Larrer. About 680 miles. 

Also we found that at distances less than 700 kilometers, the first 
motion could be easily read if the peak signal is 10 times the noise, 
and at distances between 700 and 1,100 kilometers, if 20 times the 
noise, instead of the 20 and 40 used in the criterion of Technical 
Working Group II. On this basis we formulated a new criterion, one 
which depended only on the more reliable seismic data from the near 
zne. Because of the greater reliability we could also substitute for 
the requirement of four rarefactions, the less stringent requirement of 
only two rarefactions. 

With this new criterion, which we beiisve to be well founded, we 
reevaluated the capability of the Geneva system. The surprising 
result is that the capability is substantially the same, and thus our 
criterion was as effective as that of Technical Working Group II, at 
the same time is well supported experimentally. 





98 NUCLEAR WEAPONS TEST BAN CONTROLS 


Having found a good criterion, we asked the question whether there 
were some minor changes that could be made to improve the Geneva 
system. Specifically, we asked the question whether the system 
could be substantially improved by increasing the number of control 
stations only slightly. 

Our idea here was based on the fact that in the Soviet Union about 
90 percent of all earthquakes occur in a small fraction of the total area 
of the Soviet Union, namely, about 5 percent. 

Senator Gore. Is this area adjoining Red China? Is it in the 
mountainous area, the southern part of the Soviet Union? 

Dr. Larrer. Yes, sir. One area which has about 30 percent of 
the earthquakes in the Soviet Union is on the border between China 
and the Soviet Union, as I recall. 

Senator Gore. It seems to me that this raises the question of the 
possibility of detecting an underground explosion conducted beneath 
the Himalayas some few hundred miles in Red China. If this is the 
area where most of the earthquakes in Russia occur, is it not also the 
area in China where most earthquakes occur? 

Dr. Larrer. No, sir. The Chinese earthquakes occur mainly in 
the central region of China, as I recall. The Pamir region is principally 
in the Soviet Union. 

Senator Gore. If there were no stations at all in Red China, assum- 
ing that there was sufficient cooperation between Red China and 
Red Russia, that Russia would be permitted to conduct an experiment 
if she desired to do so, and if she did desire to do so within Red China 
what opportunity would there be of detecting an explosion of any 
magnitude whatsoever? 

Dr. Larrer. Detecting an explosion? 

Senator Gore. Identifying. 

Dr. Larrer. The system has no ability to identify an explosion. 
It has only an ability to identify earthquakes. If you have no sta- 
tions in China I simply do not know the answer to the question how 
many Chinese earthquakes would be identified by the system as 
earthquakes. I am sure it is quite small. 

Senator Gorse. Thank you. 

Dr. Larrer. It seemed plausible that the addition of a few more 
stations in these seismic areas would make a big improvement. 

Senator Gore. Would you not also say that just as the installation 
of additional seismic stations within this area would provide great 
improvement, the installation of stations on a worldwide system such 
as suggested by the Conference of Experts would likewise be a very 
great improvement? 

Dr. Latrrer. For events within the Soviet Union, are you speaking 
of those? 

Senator Gorse. I am speaking of those in one instance and to the 
conduct of tests in other countries, on the other. 

Dr. Larrer. Certainly for the identification of the earthquakes 
outside the Soviet Union it will be quite essential to have stations 
outside the Soviet Union as well. If you are talking about identifying 
earthquakes within the Soviet Union only, then stations within the 
Soviet Union sufficient in number can give a very substantial capa- 
bility. For the additions outside the system I can indicate in a little 
while what the added capability would be when you have the world- 
wide system. I think I did earlier, as a matter of fact. 
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Senator Gore. You did earlier. I have forgotten the figures. 
You did give that but that was only an indication of the number of 
stations in the Soviet Union recommended by the Conference of 
Experts. 

Dr. Larrer. No, sir. I gave two cases. One case in which there 
were stations in only 3 countries, in which there were 53 events per 
year in the Soviet Union which were unidentified. I also gave the 
case of a worldwide system in which case there were 28. The equip- 
ment I was talking about was the improved equipment of the Tech- 
nical Working Group IT. 

Senator Gore. That is where I misunderstood. 

Dr. Latrrer. It is the 100 seismograph array. 

Senator Gore. But even in the case of Working Group II the 
installation of stations in countries other than the Soviet Union would 
reduce the unidentified seismic occurrences by some 50 percent. 

Dr. Larter. That is correct. 

Senator Gore. Thank you. 

Dr. Larrer. Accordingly, we reevaluated the system increasing 
the number of stations inside the Soviet Union from 21 to 25, not a 
very big increase. The result of this increase, however, was quite 
remarkable. Instead of about 50 unidentified events per year, there 
were now only about 20. Instead of 15 inspections, there were only 6. 
This is a big improvement for a small cost. 

At this point it is natural to ask: How far can one go in this di- 
rection? And so we added more stations within the Soviet Union and 
reevaluated the system each time. Of course, the more stations added 
the better the system became. However, the rapid gains stopped 
after we added another 5 stations, making a total of 30. After that 
we had to add many stations to make small improvements. For the 
30-station system we found that 9 earthquakes per year were un- 
identified above magnitude 4.75 and 36 per year above magnitude 
4.35—magnitude 4.35 is equivalent to the 5-kiloton Logan explosion. 
With 30 stations in the Soviet Union—which is an increase of 9 
stations over the assumed Geneva system—we obtained the important 
result that the capability of the system for identifying earthquakes 
within the Soviet Union was essentially restored to the capability 
estimated by the 1958 Conference of Experts. 

Representative Hotirretp. Thank you very much for your state- 
ment. 

(Dr. Latter’s prepared statement follows:) 


CAPABILITIES AND LIMITATIONS OF A GENEVA TYPE ContTROL SysTEM 
Richard Latter, the Rand Corp. 


My remarks will concern the capabilities and limitations of a control system 
to detect and identify seismic events. To put what I have to say in proper 
nese pene t I would like first to make clear two vital points. The first is—we 

now that the seismic signals from an underground nuclear explosion can, by 
deliberate effort, be reduced by a factor of 300 or more. With the Geneva system 
or any plausible modification of that system even very large explosions might 
therefore go undetected. Against these explosions the control system has no 
capability whatsoever and cannot provide a technical safeguard. 

The second point I want to make is that the seismic signals from underground 
nuclear explosions are believed to be similar to the signals from some earthquakes. 
On this basis it is assumed that nuclear explosions cannot be identified by their 
seismic signals alone. Inspection of the site of the suspected event is required 
for the purpose of obtaining positive proof of the cause of the event. To prove 
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that a nuclear explosion has taken place it is necessary to obtain a sample of radio- 
active debris. 

Keeping these limitations in mind at all times, we would like to be able to esti- 
mate the capability of a control system to detect and identify seismic events in 
the Soviet Union and in the United States. To make such an estimate, however, 
it is necessary to have a great deal of information. The detailed location of the 
control stations must be speicfied. The frequeney and distribution of earth- 
quakes must be known. The seismic noise conditions at the control stations 
must be known—noise interferes with the detection of seismic signals and limits 
the capability of a control system. Finally, it is necessary to specify a criterion 
for identifying the signals from a given seismic event as being natural in origin. 
Available data on all these aspects of the problem are meager and inconclusive. 

Some of the uncertainties can be eliminated by a continuing research program 
in seismology directed at those questions pertinent to the detection problem. 
Some, however, can only be eliminated through free access to the Soviet Union— 
specifically, the availability of suitable quiet sites for control stations and the 
determination of the number of earthquakes occurring within the Soviet Union, 
particularly the low-magnitude earthquakes. 

Some uncertainties, and perhaps the most important ones, concern the nature 
of the seismic signals from unconcealed underground nuclear explosions. So 
far only six such underground nuclear explosions have been undertaken by the 
United States. These experiments have several, possibly vital, limitations. 
They were all conducted in the same environment, at essentially the same depth 
below the surface and in essentially the same geological conditions. These 
limitations are important because the amplitude of the first ground motion, 
which presently is the only basis for identifying underground seismic events as 
earthquakes, may depend upon these parameters. They are also important in 
connection with all the diagnostic aids that have been suggested for discriminating 
earthquakes from nuclear explosions. We simply do not know at present 
whether the Nevada explosions signals are characteristic of unconcealed under- 
ground explosions or whether they are a very special type of signal which will 
be different for explosions under other conditions. ‘This uncertainty could be of 
overriding importance in evaluating the capability of a control system. For 
in using the characteristics of the Nevada signals as a basis to discriminate earth- 
quakes from nuclear explosions, the possibility exists that all of our conclusions 
will be proved wrong at some later time. Nevertheless, for the present, that is 
all we can do, and that is what we have done. 

Specifically, we have taken the criteria given in the U.S. Report of Technical 
Working Group II, which identifies 2 seismic event as an earthquake provided 
the peak seismic signal is 20 to 40 times the noise background, and provided first 
motion rarefactions are observed at four stations. This criterion was believed by 
the U.S. Working Group II to be a good criteria consistent with the Nevada 
underground nuclear explosion data. A good criterion must not misidentify nu- 
clear explosions as earthquakes and should identify as many earthquakes as pos- 
sible. When it came to other uncertainties, such as the frequency of earthquakes 
in the Soviet Union, all we could do was to make a good guess. 

Before presenting the results for the system capability, however, I would like 
to remind you that the current U.S. proposal to the Conference on the Discontinu- 
ance of Nuclear Weapon Tests is for a threshold at magnitude 4.75 which cor- 
responds roughly to the 19-kiloton Blanca explosion. Therefore, our analysis is 
aimed primarily at the question: how many earthquakes per year of magnitude 
greater than 4.75 fail to be identified as earthquakes by the control system, and 
could therefore be suspected of being nuclear explosions. In our first study we 
assumed that control stetions of the Geneva svstem were located in three coun- 
tries only, 14 in the United States, 1 in the United Kingdom, and 21 in the Soviet 
Union. All the stations were assumed to be equipped with the improved seismic 
instrumentation recommended by Technical Working Group II. The results are: 
there will be 173 earthquakes above the threshold per year in the United States 
which are unidentified and 53 per year in the Soviet Union. If the Geneva system 
of control stations is installed throughout the whole world, the number of such 
unidentified earthquakes in the United States is reduced to about 143 per year 
and in the Soviet Union to 28. 

If we make the assumption that, say, 30 percent of these unidentified events will 
be inspected, there will be 52 inspections per year within the United States in 
the first case, and 43 per year in the second—and 16 inspections per year within 
the Soviet Union in the first case and 8 per year in the second. 

Having estimated the capability of the system in this way, we went back over 
our analysis, step by step, to see what are the critical assumptions on which the 
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results most sensitively depend. We found that the criterion for identifying 
earthquakes was far and away the most important assumption. For this reason 
we decided to reexamine all the Hardtack seismic data—to be as sure as possible 
that the criterion used—the criterion of Technical Working Group Il—was well- 
founded. 

The result of this study was that—we were not able to convince ourselves that 
the criterion of Technical Working Group II is a valid criterion. In particular, 
this criterion depends almost entirely on the capability of the control system to 
detect first motion from nuclear explosions at the great distance of 2,500 to 3,500 
kilometers—the so-called far zone. Unfortunately, the Hardtack seismic data 
do not provide reliable confirmation of this capability. 

The Hardtack data do show, however, that the first motion can be reliably 
detected within the so-called near zone, out to about 1,100 kilometers from the 
source. Also we found that at distances less than 700 kilometers, the first motion 
could be easily read if the peak signal is 10 times the noise, and at distances between 
700 and 1,100 kilometers, if 20 times the noise, instead of the 20 and 40 used in the 
criterion of Technical Working Group II. On this basis we formulated a new 
criterion, one which depended only on the more reliable seismic data from the 
near zone. Because of the greater reliability we could also substitute for the 
requirement of four rarefactions, the less stringent requirement of only two 
rarefactions, 

With this new criterion, which we believe to be well-founded, we reevaluated 
the capability of the Geneva system. The surprising result is that the capability 
is substantially the same, and thus our criterion was as effective as that of Tech- 
nical Working Group Il—at the same time, is well-supported experimentally. 

Having found a good eriterion, we asked the question whether there were some 
minor changes that could be made to improve the Geneva system. Specifically, 
we asked the question whether the system could be substantially improved by 
increasing the number of control stations only slightly. 

Our idea here was based on the fact that in the Soviet Union about 90 percent of 
all earthquakes occur in a small fraction of the total area of the Soviet Union, 
namely about 5 percent. It seemed plausible that the addition of a few more 
stations in these seismic areas would make a big improvement. Accordingly we 
reevaluated the system increasing the number of stations inside the Soviet Union 
from 21 to 25, not a very big increase. The result of this increase, however, was 
quite remarkable. Instead of about 50 unidentified events per year, there were 
now only about 20. Instead of 15 inspections, there were only 6. This is a big 
improvement for a small cost. 

At this point it is natural to ask: How far can one go in this direction? And 
so we added more stations within the Soviet Union and reevaluated the system 
each time. Of course, the more stations added, the better the system became. 
However, the rapid gains stopped after we added another 5 stations, making a total 
of 30. After that we had to add lots of stations to make small improvements. 
For the 30-station system we found that 9 earthquakes per year were unidentified 
above magnitude 4.75 and 36 per year above magnitude 4.35—m: 1gnitude 4.35 
is equivalent to the 5-kiloton Logan explosion. With 30 stations in the Soviet 
Union—which is an increase of 9 stations over the assumed Geneva system—we 
obtained the important result that the capability of the system for identifying 
earthquakes within the Soviet Union was essentially restored to the capability 
estimated by the 1958 Conference of Experts. 


Representative Ho.irrerp. Dr. Romney, vou have a statement 
here, ‘‘Means for Improving Seismic Detection” which you would like 
to go through. We will take the time for that at this time. 

Dr. Romney. Yes, sir. We understand that was the next topic, 
so if you have no questions for Dr. Latter, I will proceed. 

Representative Horrriep. I think it is important that we have this 
information for the record, so you may proceed. Before you do, Mr. 
Ramey has a question. 

Mr. Ramey. Dr. Latter, you have indicated an improved method 
of detection. Where does that stand right now? Is it being 
considered? 

Dr. Larrrer. Excuse me, sir; I don’t understand your point. 

Mr. Ramey. This improved criterion that you are talking about 
here that would make it easier to add a smaller number of stations, 
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and so on. Just what is the status of this concept? Has it been 
proposed to the proper authorities? Is anybody considering it? 

Dr. Larrrer. This is the result of some work that has just been 
completed as of a week ago. It is just being communicated at the 
present time. 

Mr. Ramey. Is this a part of this improved research program? 

Dr. Larrer. It is a part of the research program; yes. 

Representative HoxirteLtp. We are going into that in some detail 
later, so we will take it up further. Go ahead, Dr. Romney. 

Dr. Romney. Basic problems in detecting underground nuclear 
explosions: Effects of subterranean disturbances at long range. 

The high-energy radiations from nuclear explosions deep under- 
ground are rapidly absorbed by the surrounding rock, and most of 
the energy is converted into heat and compressional elastic waves 
At each discontinuity in the physical properties of the rock (including 
the discontinuity at the surface) part of the compressional elastic 
energy is converted into other types of elastic waves. The result is 
that al! of the known types of seismic waves (i.e., body waves of com- 
pressional and shear types, and surface waves of Rayleigh and Love 
types) are generally observed to propagate from an explosion. 

These seismic waves are the only known effects of such explosions 
which ‘are detectable at distances beyond a few thousand feet from 
the point of detonation. The amplitude and frequency of the 
generated waves depend upon such factors as the yield of the explosion, 
the physical properties of the surrounding medium, the size and shape 
of the underground shot chamber, the depth of the explosion, the 
geological conditions and topography of the immediate surrounding 
area. 

At great distances, the characteristics of the seismic waves depend 
additionally on structural and elastic parameters of the earth through 
which the waves propagate. Little is known about the possible 
variations in the characteristics of seismic waves from underground 
explosions since only a limited number have been fired, all of which 
were in the same material under very similar circumstances. 

Representative Houirretp. Dr. Romney, it seems that our com- 
mittee has had to go to their various offices to sign their mail. On 
second thought, I am going to carry this over until the morning. It 
has been released to the press for such use as they need. We will 
start with this first thing in the morning at 10 o’clock if you will allow 
me to change our plans a little bit and go on in the morning. It is 
10 minutes after 5 now. 

Dr. Romney. Very good, sir. 

Representative HoxirieLp. The committee is adjourned until 10 
o’clock in the morning. 

(Whereupon, at 5:10 p.m., Tuesday, April 19, 1960, the committee 
was recessed, to reconvene at 10 a.m., Wednesday, April 20, 1960.) 
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WEDNESDAY, APRIL 20, 1960 


ConGRESS OF THE UNITED StrarTEs, 
SPECIAL SUBCOMMITTEE ON RADIATION AND 
SUBCOMMITTEE ON RESEARCH AND DEVELOPMENT, 
Jotnt CoMMITTEE ON Atomic ENERGY, 
Washington, D.C. 

The subcommittees met, pursuant to recess, at 10 a.m. in room P-63, 
the Capitol, Representative Chet Holifield (chairman of the Special 
Subcommittee on Radiation) presiding. 

Present: Present: Representatives Holifield, Durham, Price, As- 
pinall, Van Zandt, Hosmer, Bates and Westland; Senators Gore, Jack- 
son, and Bennett. 

Also present: James T. Ramey, executive director; John T. Con- 
way, assistant director; George F. Murphy, Jr., professional staff 
member; and Richard T. Lunger, staff consultant, Joint Committee 
on Atomic Energy. 

Representative Houirretp. The committee will be in order. 

The Subcommittee on Research and Development and the Special 
Subcommittee on Radiation jointly meet again this morning in the 
second day of public hearings on the technical problems of a nuclear 
weapons test ban and the necessary detection techniques and inspec- 
tion controls. 

Yesterday, at the opening of these hearings, I explained the purpose 
of the hearings and what we intended to cover. In order that there 
may be no misunderstanding, I will reiterate this morning what I 
stated yesterday: 

I should like to emphasize that these hearings will be concerned pri- 
marily with the technical aspects of a test ban. We desire to avoid 
as much as possible any discussion of policy questions as to whether a 
test ban fits into a desirable system of disarmament. 

There may be policy questions on a test detection system as such 
which we should and must discuss. Such discussions, however, should 
be confined to the technical possibilities of the problem, if possible. 

We also hope to avoid emotional or philosophic discussion of the 
effects of nuclear testing in terms of radioactive fallout. The teenni- 
cal aspects of the effects of fallout have been considered rather exten- 
sively in previous hearings. 

In line with this policy which was adopted by the committee and its 
procedure, the committee has just met in executive session and they 
have decided that we will invite Ambassador Wadsworth to appear 
before the committee at 1:30 this afternoon in executive session as 
matters of policy might be discussed, and we have no desire to bring 
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that into the hearings. So he will meet with us at 1:30 and we will 
resume hearings in this room at 2:30 this afternoon. 

As I also explained yesterday, it is important that all presently 
available facts on this subject be brought to the attention of the Con- 
gress and the public. If ‘and when a treaty is proposed, we snould 
have an informed Congress and public capable of understanding what 
a treaty involves. 

Also, if we are to succeed in having an effective control system, it is 
important that we know and understand what the research program 
may include to improve the detection system. We should know this 
now so we can begin this research as soon as possible. 

On our first day of hearings, Dr. Harold Brown and Dr. Wolfgang 
Panofsky reviewed the history and results of the Conference of Ex- 
perts and the Technical Working Groups I and II whereby technical 
and scientific representatives of the East and West have attempted 
to evolve agreed-upon scientific data for formation of a control ‘and 
inspection system. 

Dr. Carl Romney and Dr. Richard Latter also began a discussion 
of the Geneva-type international control system possible under our 
present state of knowledge. They reviewed the capabilities and 
limitations of detecting unde rground tests. 

At the time we recessed, Dr. Carl Romney was discussing various 
means to improve the system. We will resume titis morning with 
Dr. Romney who, on request of the committee, has with him this 
morning a seismic instrument which we hope may be of assistance to 
the committee and to the public in understanding the use of this 
instrument in the detection and identification of nuclear tests. 

Dr. Romney, if you are ready to resume, we will begin. 





































STATEMENTS OF DR. CARL ROMNEY,' AIR FORCE TECHNICAL 
APPLICATIONS CENTER; AND DR. RICHARD LATTER,’ THE 
RAND CORP.—Resumed 


Dr. Romney. Thank you, Mr, Chairman. 
Yesterday | summarized very briefly some of the effects from un- 
derground nuclear explosions which are detectable at long ranges. 
Part 2 deals with detection. 

Seismic waves are detected by measuring the displacement or strain 
along the surface of the earth. Although the motions are minute— 
of the order of 10 angstroms at 1 cycle per second at a distance of 
1,000 kilometers from 1 kiloton—instrumental techniques are suffi- 
ciently well developed so that these motions can be measured with 
little trouble. 

I have here and would like to demonstrate for you a simple seismo- 
graph. This instrument here is a small version of the Benioff seismo- 
graph as used on the Hardtack experiments. It consists of a mass 
suspended by a spring and containing a set of coils. There is also a 
magnet which is attached to the earth. 

The mass which is suspended on a spring tends to remain fixed 
with respect to the earth. As the earth moves the case and the 
suspending mechanism, the mass tends to stand still. The earth goes 
up and down, but the mass tends to stand still. 



























1 See biographical sketches p. 88. 
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I can drive the seismograph. You can see what happens. Very 
small motions of the moving part are converted into small electrical 
signals which are recorded, then, on one of several mechanisms. 

The specific device we have here is a heated stylus recorder. If the 

earth receives a sudden jolt due to seismic waves from an earthquake 
or an explosion, then a very small signal is generated and recorded. 

Unfortunately, this room is so noisy that the seismograph is over- 
loaded at all times, so I cannot really show you how it works. It is 

designed to detect motions of thousands of a millimeter and this room 
is probably moving at appreciable fractions of a millimeter so that the 
instrument is overloaded. 

Representative Houirrecp. In other words, the background noise 
is so much in this room that it would obscure any normal shock that 
might occur on the table there? 

Dr. Romney. That is correct. This illustrates the basic problem in 
detection which is not sensitivity of the equipment itself, but rather, 
the problem that the noise in the earth is very large compared to the 
signals we are trying to detect. 

“Represe ntative Houirretp. What does the normal noise level reach 
in relation to the 4.75 reading which would occur ordinarily? Is it 
half of it or a third of it? What percentage would it ordinarily be? 
I understand it would vary in different parts of the earth. 

Dr. Romney. Yes, sir. This also depends on the distance because 
the seismic waves on the blast decrease with distance. So at small 
distances like 700 kilometers—400 miles—the motions from a bomb of 
20 kilotons in Rainier conditions would be expected to be appreciably 
larger than the noise in the earth. 

Representative HotirieLp. Would you say twice or three times 
as large? 

Dr. Romney. At 700 kilometers it would be something like 10 times. 

Representative Duruam. Doctor, that means a lot of machines and 
a lot of stations to listen on whatever happens. 

Dr. Romney. At that distance; yes, sir, it would. 

Representative DurHAM. That is the distance they are discussing 
over there, 700 kilometers. 

Dr. Romney. The distance being discussed at Geneva now is sta- 
tions spaced 1,700 kilometers apart in most of the world and 1,000 
kilometers in the seismic areas of the earth. That is in the areas 
where most of the earthquakes occur. 

Representative DurHam. This machine is good for how many kilo- 
meters? 

Dr. Romney. This particular machine could detect such an ex- 
plosion at distances of the order of, say, 800 kilometers with quite 
a good signal-to-noise ratio, provided you carefully selected your 
operating station sites. 

Representative DurHam. Is there any machine that reaches out 
farther in detecting? 

Dr. Romney. This machine will also detect signals, although at a 
lower signal-to-noise ratio—that is less useful signals greater 
distances, particularly in the distance range from ‘about 2,000 kilo- 
meters to 4,000 kilometers. 

Representative Houiri1etp. Could you tell us if this was the type 
instrument that was used in College, Alaska, that detected the 
Nevada site Rainer explosion? 
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Dr. Romney. Yes. The instrument used at College, Alaska, is 
essentially identical to this. It is, however, larger and has slightl 
greater sensitivity than this particular instrument. This is a all 
version of that instrument. 

Representative Ho.irietp. That detection was a distance of about 
3,000 miles, was it not? 


Dr. Romney. That was 3,700 kilometers, which is 2,300 miles, 
I believe. 

Representative HouirreLp. So the factor of distance is not the 
only determining factor. Background noise and the type of trans- 
ference through the strata of the earth, I suppose, has an effect upon 
the reading. 

Dr. Romney. That is correct. The point of significance here, I 
believe, is that detection with sufficiently good signals to determine 
the location of the source can be accomplished at very great distances. 

Representative Ho.irieLp. Providing you know in advance that 
it is coming and that the test is taking place, or regardless of whether 
you know it? 

Dr. Romney. Regardless of whether vou know it, if we talk about 
signals of the size of Blanca, the 19-kiloton shot. 

Representative Hourrretp. The 19-kiloton shot was detected at 
College, Alaska, 2,300 miles away. Was that station alerted to the 
fact that a shot was going to take place? 

Dr. Romney. Yes; they knew the shot was going to take place. 
However, the signal was easily recognizable. They would not have 
had to know. 

Representative Houirreip. It was easily recognizable in that the 
markings were much higher than the background noise at that 
particular place. At that distance would you have been able to 
have identified from the reading the explosion? 

Dr. Romney. The signal reported at that distance was marginal 
for identification purposes. I, myself, felt that it was a useful 
signal. Some of my colleagues who have examined the same record 
do not feel it was useful. It is a very gray area. 

Representative Houirrevp. In other words, the initial movement 
of the recording needle in your opinion was not quite strong enough 
to indicate that it was a down movement? 

Dr. Romney. I would say it was just barely strong enough. Other 
people would say it was not quite strong enough. 

Representative Ho.irrevp. If there are no further questions, you 
may proceed. 

Dr. Romney. In this part of the spectrum, the limit to detection 
is thus imposed by natural microseismic noises in the earth. The 
properties of the microseismic noise are not well known, although it is 
possible to make general statements about amplitudes in the 0.1 to 10 
cycles-per-second range. 

However, since the observed noise depends on the intensity of the 
source, the distance, and the path of propagation, the amplitude is 
found to be highly variable from place to place and from time to time. 
At 1 cycle per second, for example, noise amplitudes of the order of 
10 Angstroms are observed under extremely quiet. conditions, and 


amplitudes of 200 angstroms and greater are observed under noisy 
conditions. 
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I believe in this room our noise level is probably in excess of 1,000 
angstroms. More detailed knowledge is required on the spectrum 
and coherence of noise, particularly at other frequencies, for complete 
understanding of the detection problem. 

3. Identification: A far more serious problem than the detection of 
seismic waves is the problem of identifying the nature of the source. 
This is one of the classic problems of seismology, which to date has 
been solved only under very specialized conditions. 

The seriousness of this problem is apparent when it is considered 
that kiloton-size bombs produce waves equivalent to and under most 
circumstances indistinguishable from very small and very numerous 
earthquakes. Thus, at the present time it is possible only to classify 
seismic disturbances into two categories: 

(a) Identified earthquakes. 

(6) Unidentified earthquakes and explosions. 

Since the final identification of an underground nuclear explosion re- 
quires obtaining a sample of nuclear debris through on-site inspection, 
the difficulty of such identification is directly proportional to the 
number of seismic disturbances in the second group. The most 
significant area of potential improvement is, therefore, to be found in 
the development of techniques for identifying the nature of seismic 
sources. I say this to distinguish investigations in this area from 
simple improvements to instrumentation. 

4. Concealment: A variety of methods are available if special 
efforts are made to conceal an underground nuclear explosion. These 
include the use of noise cover from large earthquakes and aftershock 
sequences which are observed to follow such earthquakes, the place- 
ment of the bomb in a position where a given seismic network has a 
minimum detection capability, and the firing of multiple-explosive 
charges to produce confusing signals. These are all difficult. 

However, on the basis of theoretical analyses, by far the most 
effective method appears to be that of reducing the size of the distant 
seismic signal by suitable design of the shot chamber. The effective- 
ness of the latter method for dec ‘oupling seismic waves has been amply 
demonstrated, at least for high explosive sources of the order of 1 ton, 
bv the recent experiments in Louisiana (Operation Cowboy). 


II. IMPROVEMENT TECHNIQUES 


The most complete study of seismic improvement techniques was 
conducted by the Panel on Seismic Improvement, Dr. Lloyd V. 
Berkner, chairman.?. The results of this study have received wide 
distribution and do not require discussion in detail.’ 

Briefly, however, the panel concluded that the present difficulties in 
the detection and identification of small seismic events are funda- 
mental in nature and, therefore, the solution to these problems requires 
a fundamental attack on a broad range of seismological problems to be 
followed by a development program for translating research work into 
a specific detection system 

Because of the fundamental nature of the problem, therefore, I will 
speak chiefly of what might be done through research rather than of 
what we are now sure we can do. However, there are certain tech- 
niques which we can now use and I will mention those also. 


* Berkner Panel report, app. 5, p. 643. 
55625—60—pt. 1——_8 
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Representative Ho.irieELp. Senator Jackson? 

Senator Jackson. This point may have been covered, but, Doctor, 
I want to ask you, in your judgment i is the art of concealment improv- 
ing faster than the art of detection, and will it in the future? 

Dr. Romney. This is an extremely difficult question. The art of 
concealment in the past couple of vears certainly has advanced far 
faster than the detection improvements. Many people feel that this 
could well continue for some time. On balance, I find it difficult, 
mvself, to forecast results. 

Senator Jackson. Up to now it is quite clear, is it not, that the 
ability to conceal has been demonstrated well beyond that which the 

experts, or some experts, have believed it to be possible? This is 
correct, is it not? 

Dr. Romney. Yes. 

Senator Jackson. If they are able to come up with various methods 
and approaches to concealment that makes it impossible for distant 
detection devices to pick up, short of onsite inspection, your approach 
from the standpoint of instrumentation simply will not cover the field; 
is that not a fair statement? 

Dr. Romney. I think that is reasonably fair. I would like to say 
one more thing in response to your question, however. 

In terms of a specific, fixed network of stations, I believe the conceal- 
ment can proceed at least as fast as the improvement techniques. 
However, if you will allow, as a means of improvement, the addition 
of new stations to the detection system, then I am not sure what the 
answer Is. 

Senator Jackson. What I am getting at, based on what has hap- 
pened to date, it would seem to me as a layman to point up the need 
for more stations because with the state of the art in concealment 
improving up to now faster than the art of detection, just to be on the 
safe side it follows, does it not, that you would have to have in any 
event substantial numbers of stations to make certain that the art of 
detection could keep pace to a certain extent with the art of conceal- 
ment. 

Dr. Larrer. Perhaps I could make some comments on your point. 

I really think there are two points at stake here. One is the question 
of whether detection methods will improve faster than concealment 
methods will improve. I think there is in fact a technical reason to 
believe that concealment will improve, or the capability to conceal 
will increase, more rapidly than detection methods. 

There is a genuine technical basis for this statement which perhaps 
I can give you at this time. That basis is as follows: Suppose that 
concealment methods improved by a factor of 10, so that by conceal- 
ment a 10-kiloton explosion could be made to look like 1 kiloton. 

We would then be faced with the problem of improving the system 
to have a capability of detecting events at 1 kiloton. What is usually 
meant by the capability of the system is that a certain percentage of 
the events observed by the system are unidentified. For example, 90 
percent, which leaves 10 percent unidentified. If we had at the 
10-kiloton level a total of 100 events, 10 percent unidentified is 10. 
We are now faced with the problem of improving the system to account 
for the factor of 10 increase in concealment. 

Suppose we managed to improve the system to a point where again 
at 1 kiloton it had a 90-percent capability. This would be a factor 
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of 10 improvement. We are still left with 10 percent of all events 
unidentified. However, at 1 kiloton the number of events that we 
must now consider is 10 times larger. Instead of 100 it is 1,000. So 
10 percent now means 100 events. 

The improvement we need is another factor of 10 to get back to 
the same number of unidentified events as we had at 10 kilotons. 

Senator Jackson. What you are saying, if I understand it correctly, 
is that as the state of the art of concealment improves very rapidly, 
the problem that vou face is not just detection, but the complicating 
problems of identification that are created in given situations. 

Dr. Larrer. You are also facing the problem that at the lower 
yields that you might be attempting to detect and identify there are 
a greater number of confusing signals. Not only must you for a given 
capability of the system change the yield at which you achieve that 
capability, but you must in fact increase the capability. 

So a factor of 10 improvement in concealment would require a factor 
of 100 improvement in detection capability. 

Senator Jackson. In other words, there are certain areas of dis- 
turbances which occur more frequently, and of a certain kind—that 
is, you can just about predict the kind that go on with natural occur- 
rences in earth—so that when you set off a nuclear explosion that can 
come within that realm you place a heavy burden of identification upon 
the detection and identification experts. 

Dr. Larrer. As you try to push the level of the yield at which you 
detect and identify lower, you are faced with many more confusing 
signals. 

Senator Jackson. So when we are talking here, and the public reads 
that a yield below 20 kilotons is probably 1 not detectable and identi- 
fiable, next year it could be 100 or 300 kilotons. I am just giving this 
as a figure of speech at this point, but it is certainly a possibility if the 
art of concealment continues to improve. 

Dr. Larrer. To answer that specific point, I think we already believe 
and you will hear more about this in connection with the decoupling 
method, that explosions in the range of maybe hundreds of kilotons 
already. can have their signals reduced to below the level of a 20-kilo- 
ton explosion. That is already possible. 

Senator Jackson. That certainly explodes the publicity that has 
been given out to the effect that what we are really talking about is 
the area of yield of 20 kilotons and below, Mr. Chairman. 

lam sorry. I did not mean to depart from this point, but 1 wanted 
to ask these questions. 

Dr. Larrer. There was an additional point you raised, however, 
on the addition of stations as a means of improvement. Yesterday 
I spoke to this point and indicated that by the addition of a small 
number of stations one could, in fact, obtain considerable improve- 
ments in the system. 

But I also pointed out that at some stage after you add a specific 
number of stations in the Soviet Union—for example, nine—the im- 
provements you make after that are small. In order to obtain appre- 
ciable further improvements you need many, many stations. 

Senator Jackson. I can see what the trend is going to be. As the 
art of concealment improves, you are going to have to step up the 
number of detection stations with no assurance that you will neces- 
sarily achieve 100-percent coverage. 
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Dr. Larrer. You are going to have to step it up more rapidly than 
the improvements in the concealment. 

Senator Jackson. That is right. I understand that. 

Thank you, Mr. Chairman. 

Representative Houirietp. Dr. Romney, at this point I want to 
read to vou from the Technical Working Group No. II paper, page 
3, part of the Soviet annex, which is critical of our procedures in the 
Hardtack series. 1 read as follows: 

The document of January 5 and the report to the Conference give the impres- 
sion of a large-scale, well-conducted experiment. In actual fact, the situation 
was quite different. It was ascertained during the meeting of the group that of 
the dozens of seismic stations in the United States, only a small proportion 
possessed instruments that satisfied, if not the reeommendation of the Conference 
of Experts, even the elementary conditions demanded of any scientific instrument. 

For example, the Logan explosion was registered by 54 seismic stations in the 
United States. However, about only one-half of them, 28, had properly eali- 
brated instruments. In the opinion of the U.S. seismologists themselves, seis- 
mograms from only 16 of these 28 stations could be used for analysis. 

It is indeed surprising that the instrumentation was not calibrated at least for 
the period during which these unique experiments were to be conducted. 

This is their criticism and we would invite your comment on that. 
We uncovered the fact yesterday of the description of the instrument 
so you might devote your answer at this time to the charge that they 
were not calibrated. 

Dr. Romney. Yes. This criticism seems to be of the fact that in 
the United States we have a rather great amount of freedom. The 
Government of the Unite] States cannot demand that a university 
or some private operating group operate its stations in a particular 
manner. I hope it never gets to that point. 

This is precisely the case, or precisely the facts. Many of the 
stations which reported the Hardtack experiments were stations oper- 
ated by private groups. It is not true, as the Soviets allege, that 
these data were useless for analysis. They were useless for certain 
kinds of analysis, but they were very useful for other kinds of analysis 
and we did use them for that. 

Our statement to the Soviets in Geneva was that only a limited 
number of them had the precision of calibration necessary for measur- 
ing precisely the size of the seismic waves. But this is just one small 
problem in association with detection. 

Representative HotirieLp. Would you furnish for the record the 
names of the 16 stations and their approximate distances from the 
Nevada test so that we might include that in the printing? 

Dr. Romney. I certainly will. I will add that at some later time. 
(See attachment 3, p. 425.) 

Representative Hotirietp. The staffs suggests that we ask this 
question: These stations were not under contract to the United States? 

Dr. Romney. The uncalibrated stations were not. 

Representative HoLirieLp. They were all independent stations 
and their assistance was on a voluntary basis? 

Dr. Romney. Thatiscorrect. They are stations where instruments 
are operated normally every day, 365 days a year. 

Representative Hotirietp. And you consider that 16 stations 
reporting on that particular shot was an adequate—16 stations were 
calibrated instruments, I should say—coverage? 

Dr. Romney. We would like to have had 100. The 16 stations 
were stations especially installed by the Government for making these 
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measurements. The limitation was on the number of seismometers 
available to the Government for this purpose. 

Representative HoLirieLtp. Were they placed at various distances? 

Dr. Romney. Yes, sir. 

Representative HoxirireLp. What was the range of distances? 

Dr. Romney. They ran from a distance of around 40 kilometers 
from the test site along a line which followed Highway 66 generally 
east, and then northward into Maine. The maximum distance was 
4,020 kilometers from the test site. 

Representative HouirieELp. It was representative from the stand- 
point of distance? 

Dr. Romney. It was a very good experiment, I think, considering 
the limitations of equipment and time. 

Representative Dursam. Doctor, since you made that statement, 
the identification would have been better if you had 100 stations; is 
that correct? 

Dr. Romney. We would have learned a great deal more about how 
to detect explosions. Of course, you can never satisfy a scientist, 
and I would have been very happy with 50 as well as with 100. 

Representative DurHam. Then, of course, we have something here 
that is very important if we are going to reach a disarmament agree- 
ment for the civilized world. I think it is important that we know 
the facts. 

We throw millions of dollars around for most anything that comes 
along and I consider this one of the most important things facing the 
American people and the civilized world today. The thing that 
worries me a little bit, and I do not care to get into this, Mr. Chair- 
man, at the present time, but we have been talking about 40 identifica- 
tion stations in Russia. 

Reading between the lines of your statement, I am not sure it would 
be worth anything from the point of view of identification. That is 
the way I have felt all along. You do not have to comment on that. 

Representative HotirieLp. You may proceed, Dr. Romney. 

Dr. Romney. Specific areas of research which can be expected to 
lead to improvements are as follows: 

1. Additional stations: An immediately available technique for im- 
proving the capability of the control system is through the addition 
of stations to the control network. 

Dr. Latter talked yesterday about the improvements that can be 
made with the addition of a very few stations, and he reconfirmed 
that today. 

The Conference of Experts also recognized the value of that approach 
as indicated by the statement in their final report to the effect that— 
the dependence between these parameters is such that with an increase in the 
yield of the explosion of the number of control posts the probability of detection 


and identification increases, and the number of unidentified events suspected of 
being a nuclear explosion decreases. 

On the other hand, for the identification of the increased number of unidentified 
events resulting from a smaller number of control posts, it would be necessary to 
increase the number of onsite inspections or to make greater use of information 
coming from sources not subordinate to the international control organ or, if 


necessary, both. 

Since many of the detection problems result from the fact that sig- 
nals of interest may be lost in noise, and since the amplitude of seismic 
waves decreases rather rapidly with distance, an increase in the num- 
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ber of stations means that the average detected signal will be larger 
compared to noise and, therefore, more usable for identifying the prob- 
able nature of the source. Three specific proposals have been made: 

(a) The first proposal is to increase the number of control posts of 
the detection system. In addition to the seismic improvement, this 
approach has the merit of reducing the threshold of detectability for 
air shots as well. 

(6) The second approach is to add a number of simplified manned 
seismic stations to the network. These first two approaches have the 
political disadvantage of placing additional men in foreign countries 
where they will not necessarily be welcome. ‘Their technical advan- 
tage, however, has been demonstrated by Dr. Latter. 

Xe) The third approach involves the addition of extremely simple 
unmanned seismic stations to the control network and providing means 
for telemetering the data to the manned control posts. The disadvan- 
tages of this approach are the high cost of installation and operation- 
of the order of $100,000 initial cost per station and a somewhat letter 
cost annually for operation, and a substantial part for communication 
and security—problems associated with the physical security of the 
station and of the integrity of the data, and perhaps the problem that 
this approach requires far greater access to foreign territories than do 
manned stations because of the greatly increased number of stations 
required—the most authoritative study, by the Berkner panel, suggests 
that the stations should be spaced on the order of 100 miles apart. 
Advantages of this approach are the greatly increased amount of data 
from closely coupled explosions, and the expectation that it might be 
possible to use such a fine spacing that even decoupled shots of a few 
kilotons could be detected.* 

Representative Honrrretp. What has been the attitude of the 
Soviets toward the so-called unmanned or robot stations? 

Dr. Romney. | am not familiar with this, sir. 

Representative Ho.irretp. Let me ask you this question: Would 
there be any possible way of dampening the unmanned stations at the 
time of impact through deliberate methods to obstruct them? 

Dr. Romney. It is rather difficult to do things in such a way that 
you do not leave some trace. You can break into the station and cut 
the electrical power off. 

Representative HoiirieLp. That would show a break in the re- 
cording, and if the regular background noise continuity was inter- 
rupted, that would also show a break on the recording machine, would 

it not? 

Dr. Romney. It might or it might not. There are possibilities of 
increasing the noise in the vicinity -of the stations. I cannot be very 
specific about this, but you can produce vibrations near one of these 
stations and interfere somewhat with the detection. 

However, vou would have to do this at a great many stations, and 
it might appear to be a little singular that a whole district full of sta- 
tions suddenly became exceedingly noisy. On the other hand, I do 
not know what you do about it if this did hanpen. 

Representative Hotirretp. Have you had any experience with un- 
manned seismograph stations? 

Dr. Romney. Some minor experience. We have not investigated 
the problems in detail of making the stations completely tamper 
proof. However, from a technical standpoint—a technological stand- 


*See also, Sandia ‘‘Study of Unmanned Seismic Stations in the U.S.S.R.,’’ app. 6, p. 839. 
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point, rather—I think it is a rather simple job at about $100,000 per 
station, including communications. But it is straightforward, state- 
of-the-art business of constructing them. es 

Representative Honirietp. This would have to depend upon a 
political agreement to establish these stations. I suppose it would 
also depend upon regular inspections of the stations to see that they 
were functioning properly and to pick up the recording sheets and so 
forth. 

Dr. Romney. Yes, sir. 

Representative Houiiristp. This would involve additional people 
inside the borders of these countries, would it not? 

Dr. Romney. I| believe this would be the case; yes. There is also 
the possibility of somehow reversing the polarity of the unmanned 
station. This would be difficult. It would require access at some 
stage to the detector itself or to the communication system and would 
change the compressional motion from a bomb into a rarefactional 
motion leading to the interpretation that it was an earthquake. 

This, I say, could be done. The feasibility of it really would de- 
pend in great detail on how well the stations were constructed and 
the kind of communications provided for the stations. 

Representative HotirreLtp. Mr. Ramey has a question. 

Mr. Ramey. An advisory council to a national organization has 
recommended some improvements to the Geneva system. I would 
like to get your comments on them. It reads as follows: 

The principle change required in the Geneva system is a reduction of the grid 
spacing to 400 kilometers or less. This could be achieved either by adding more 


manned stations to the grid or by filling in the gaps with unmanned or robot 
monitors. 


This closer spacing of monitors would permit (a) detection on the seismic signal 
of a 3-kiloton test even though this explosion was thoroughly decoupled; (b) more 
precise location of seismic signal origins; (c) the possibility of discriminating against 
most earthquakes by an unambiguous observation of the direction of first motion. 

Dr. Romney. Dr. Latter has studied this in detail. 

Dr. Larrer. I would like to make some comments on that. 

We have looked at the problem of setting up a network of stations 
spaced at 400 kilometers. We have looked at the capability that the 
system would have to detect and to identify earthquakes. This prob- 
lem is somewhat difficult as I described vesterday. 

One must know the precise locations at which he is going to place 
stations. One must know the noise conditions of the stations, and the 
instrumentation that will be placed at the stations. 

We had to make a number of guesses on these conditions in order 
to study this problem. We have taken some very optimistic estimates 
to see just how far we might go with such a system. We assumed the 
stations were exceedingly quiet—as quiet as could be obtained by 
very careful selection of sites. We have even assumed that at each 
station there were 100 seismographs as recommended by Technical 
Working Group II, which is a very large number of seismographs. 

Representative Houirretp. Why should there be a hundred seismo- 
graphs? Are the instruments that undependable? 

Dr. Larter. No. The point is to reduce the noise background so 
hat the signals are more readable. 


Representative HoiirreLp. Why does that reduce the noise back- 
ground? 
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Dr. Larrrer. By connecting together the seismographs in an array 
it is known that the noise background will be reduced. It is a physical 
fact. Dr. Romney will be talking more to this point in a little while. 
This was one of the recommendations of Technical Working Grou 

g p 
II, to go to the 100 seismograph arrays in order to reduce the noise, 

So we looked at a very optimistic situation. Quiet sites, 100 seismo- 
graph arrays of the most improved sort. We note that the number of 
stations that would have to be in the Soviet Union under such a grid 
spacing is approximately 190 as opposed to the kind of numbers that 
are thought about for the Geneva system, which are 20 or so, and the 
kind of numbers which I talked about yesterday for improving the 
system, of 30. 

In this case one finds that the limit of detection for this system 
with a 400 kilometer grid spacing is 18 tons. But at this level of 
detection there are possibly 19,000 events which will be observed by 
the system in the Soviet Union alone. Of these events, 13,000 are 
unidentified. That is a very large number to be faced with when 
trying to make a feasible detection system. 

Representative DurHAam. How did you arrive at those figures, 
Doctor? 

Dr. Larrer. These figures were based on the data from the Hard- 
tack series, the amplitude of the seismic signals from the nuclear explo- 
sions. They were based on the estimates of the seismicity in the 
Soviet Union—how many earthquakes occur in the Soviet Union, 
They were based on the predictions of the capability of 100-seismo- 
graph arrays. 

The number of stations involved is simply based on the area of the 
Soviet Union and how many you need to place within the Soviet Union. 

Representative DurHam. In other words, repeat the Hardtack 
series, put them in Russia, and say this is the number. 

Dr. Latrer. That is right. From the Hardtack series you can 
determine what the signal from an 18-ton explosion is by extrapolation. 

Representative DurHAM. Did you get into the question of the cost 
of such a detection system? 

Dr. Latrer. I did not get into the cost of it. Perhaps Dr. Romney 
can speak to that. 

Representative HouirieLp. We are getting into that later. We 
have an item on the agenda later. 

Dr. Larter. I think if you are concerned about cost, it is important 
to look at the question of reducing the number of seismographs at 
each station because clearly this is a very large number of seismo- 
graphs. It is about 20,000. 

Representative Houirietp. I think this question is important 
enough. We are spending $40 billion a year for armament. We could 
possibly siphon off a few million dollars from that to establish these 
stations. I think when we get into the cost of establishing stations 
and compare that cost with the cost of our war effort on an annual 
basis, I do not think it will be such an astounding cost. 

Dr. Larter. | think it may be interesting, though, to see what the 
capability of the system would be if you installed one seismograph at 
each station. This will enable you to normalize. 

Representative HouirreLp. I want to ask you this question: 
Assuming that we have 21 stations for Russia 

Dr. Latrer. That is a number—— 
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Representative Houirietp. That is a number which has been 
discussed. 

Dr. Larrer. It has not been agreed to. 

Representative HouirieLp. I understand it has not been agreed to. 
Assuming each one of these stations would have 100 seismographs, 
then you would have some 2,100 seismographs for recording purposes 
within the Soviet Union. 

Now, getting back to the Hardtack series, we calibrated the Hard- 
tack series with 58 stations, I believe, and how many seismographiec 
instruments did you have in total at the 58 stations? 

Dr. Romney. At most of the stations there were three component 
instruments; that is, one instrument which responded to vertical 
motion, one which responded to motion in a north-south direction, 
one which responded to motion in an east-west direction. 

At one of the stations there was in addition an array of four vertical 
seismographs for noise cancellation purposes. This station was 
operated for all of the Hardtack shots. 

Representative HouiriELp. Also, if we allow an average of three to 
the 58 stations, with a few extra, or even four, we would have less 
than 200 instruments registering on the Hardtack series at varying 
distances up to 4,000 kilometers; is that right? 

Dr. Romney. Yes; that is right. 

Representative HoLiFiELD. You seem to be pretty confident of your 
reading on some 200 instruments. Why do you feel it is necessary to 
have 2,000? Is it because you would cover a larger territory, or what 
is it? 

Dr. Larrer. Sir, we are trying to detect a smaller explosion. We 
are trying to detect smaller explosions and identify earthquakes. 
We are trying to determine the number of unidentified events at an 
given level. If you try to push that level of explosion down at which 
you want to detect and identify earthquakes, you must go to a larger 
number of seismographs. 

Representative HouirreLp. Then you are talking about going below 
4.75 readings when you talk about 2,000 seismographs. 

Dr. Larrer. No. The Hardtack data indicated that, in fact, at 
the level of 4.75 the number of unidentified events in the Soviet 
Union would be approximately 50 when observed on the system of 
2,000 seismographs. 

That combined with a requirement that 30 percent of the unidenti- 
fied events in the Soviet Union would be inspectable led to 20 in- 
spections per year in the Soviet Union. That was the basis for the 
choice of the 4.75. 

Representative Houirretp. Mr. Conway calls to my attention the 
fact that you talked several times of 50 to 60 events that might register 
4.75 whereas our proposal is 100. It seems that there needs to be 
some clarification. 

Dr. Larresr. | believe our proposal is based on the estimate that in 
the Soviet Union there would be a total number of events—earth- 
quakes—equal to 100 per year. Of these, approximately 60 percent 
would be unidentified. 

Representative HouirieLp. I think the proposal said 70 percent 
would be unidentified. 

Dr. Larrer. It is 60 to 70. Our numbers indicate 60. 
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Mr. Conway. We had 30 percent of the unidentifiable and the 
20 number was the 20 percent of the 100. 

Dr. Larrer. That is correct. 

Representative Houtrrevp. So the fact that you have used slightly 
different numbers is not significant. 

Dr. Larrer. The numbers are essentially the same. 

Representative Ho.iFrELp. Proceed, Dr. Romney. 

Dr. Romney. In addition to adding stations to the system, there is 
good reason to believe that the response characteristics of seismographs 
can be improved and be made more adjustable so that signals can be 
more effectively detected in the presence of noise. 

Additional work is clearly indicated at high frequencies—about 10 
cycles per second—and at very low frequencies—0.1 to 0.01 cycles per 
second. 

A second method requiring further research is in the use of very 
large arrays of seismometers, perhaps with as many as 100 detectors. 
The effect of an array is to reduce the response to incoherent noise 
relative to the response to coherent signals. What this means in simple 
language is that with seismometers spaced at intervals along the 
ground, you would expect that the noise present in the ground will 
cause one seismometer to be moving up at the same time another 
one is moving down. 

On the average there will be some cancellation, therefore, to the 
noise. You will not get as an output 100 times the noise because some 
detectors are giving responses opposite to other detectors. On the 
other hand, a signal will arrive virtually simultaneously at all of the 
Selecutes and in that case all of the detectors will move up at the 
same time or down at the same time. 

So this effect, then, is to make the signal more clearly recognizable 
in the presence of the noise. In conjunction with the investigation 
of arrays, studies should be made of advanced data-processing tech- 
niques for improving the signal-to-noise ratio by an amount poten- 
tially greater than that resulting from the simple additive methods 
used to date. 

A third approach which has been under active investigation for 
several years is the development of detectors for operation in deep 
wells several thousand feet below the surface of the earth. Since it is 
expected that much of the troublesome seismic noise is confined to 
the near-surface region of the earth, such detectors may be able to 
reveal signals far smaller than can be detected at the surface. 

Here again this is simply a technique for reducing the noise without 
affecting the signal. 

Representative Horirreip. Have the seismologists put these seis- 
mographs in deep holes as yet? 

Dr. Romney. There has been a program going since about 1954, 
not quite continuously all the time, se ismographs with low frequency 
response having been operated at depths of 9,700 feet and shallower. 
The results to date are encouraging, but there are still major engineer- 
ing problems to overcome. 

One of the problems is that there does not seem to be any signal 
cable capable of withstanding the pressures and temperatures ‘and 
corrosive chemical reactions of the fluids in wells over long periods of 
time. The eables break down. Other problems are in “connecting 
the seismometer to the wall of the hole. If the seismometer is simply 
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floating in the mud in the bottom ef the well it does not respond to 
earth motion the way it should. 

So you have to have some kind of “hands” that reach out and grab 
the rock, or posts that stick into the rock. 

Representative Hotirietp. What about the many dry oil well 
holes? 

Dr. Romney. Dry holes are dry with respect to oil, but not with 
respect to water. 

Representative Houirrep. If they have been cemented off from 
eng operations, the water is kept out of the wells. I am sure you 

‘an find dry holes. I do not know whether the size of the casing 
wee allow you to put that size of seismometer in or not. 

I know in some of them the casing is larger than that and goes down 
to a distance of 3,000 or 4,000 feet. I happen to have an oilfield in 
my district. I know a little something about that. I do not know 
whether you have smaller sizes of seismographs or not. 

Dr. Romney. Yes, sir. The instruments that go into the well are 
4 inches in diameter. 

Representative Houirietp. If the seismograph is suspended freely 
would projections from it against the well casing serve the purpose? 

Dr. Romney. Yes. You have a motor which drives out some little 
gadgets which hook into the rock. A cased well, however, has been 
found to be unsatisfactory for this purpose. The casing itself, appar- 
ently conducts the noise from the surface down into the well. We 
are operating in uncased wells and this is a very nasty problem, as you 
probably know. 

Representative Honirieitp. Yes, I can well understand you would 
have plenty of water and mud problems. 

Dr. Romney. Yes. In addition to these equipment-type improve- 
ments, there is a need for improved analytical methods. When 
seismic waves are propagated through the earth, they are subjected to 
great distortion. The result is that the recorded signals are more 
clearly characteristic of the structural and mechanic val properties of 
the e: arth rather than of the source. 

This is the basis for seismic prospecting for oil. The signals tell 
vou very much about the earth, but very little about the source. In 
our particular case we do not want to know about the earth; we want 
to know about the source. It is a little unfortunate that the informa- 
tion is not very handy. 

Representative HoiirteLp. I might say we have an expert con- 
sultant coming, Mr. L. P. Meade, from Phillips Petroleum Co., who 
is going to testify next on the feasibility of construction of large 
cavities and the cost and time scale. We understand that the oil 
companies have had a lot of experience in using these instruments. 

Dr. Romney. Yes, sir. 

Representative Houtrretp. You may proceed. 

Dr. Romney. However, as seismology develops to the point where 
the causes of these distortions are well understood, it will be possible 
to remove the effect of the earth from the signals and, therefore, 
recover information which is now lost regarding the nature of the 
source. 

Studies of long-period seismic waves are particularly encouraging 
in this respect. It has recently been possible to determine the faulting 
mechanism of a number of large earthquakes through surface wave 
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analysis. If this technique is developed to the point where similar 
analyses can be made on small earthquakes, it will be possible to make 
significant reductions in the number of unidentified events. 

Similar analyses can be made of characteristics of the longitudinal 
waves with the possible result that criteria in addition to the first- 
motion criterion will be developed. A likely result of continued re- 
search will be the development of improved means for determining the 
depth of focus of earthquakes at depths less than the present limit of 
about 60 kilometers. 

Such a technique would make a significant reduction in the number 
of unidentified events by establishing their depths below the limit 
obtainable by drilling techniques. Spectral analysis of the seismic 
waves from earthquakes and explosions may reveal significant differ- 
ences. Experimental measurements of such spectra will, of course, 
have to be supported by active theoretical investigation of the 

henomenology of underground explosions and also of wave generation 
y faulting sources. 

I imagine you would all like to know what this kind of research will 
result in in a reasonable period of time. The program I have dis- 
cussed, or the kind of things I have discussed, is based heavily on the 
recommendations of the Berkner Panel.* They suggested expenditure 
at about $30 million per year, which would include $12 million for 
large nuclear and chemical explosions, and they suggested that such 
a program can be expected to result in important improvements in 
ability to detect and identify earthquakes of small magnitude. 

Although the forecasts of results of scientific research are intrinsically 
speculative, the Berkner Panel concluded that in 3 years the research 
program would “probably result in further improvements which could 
achieve the same capability in the Geneva net of 180 stations as was 
originally estimated by the Geneva Conference of Experts.’ 

This estimate, then, suggests that the control system can be im- 
proved to the point where there will remain 20 to 100 unidentified 
seismic events annually on the continents of the earth. 

This does not include any improvement due to adding unmanned 
stations or additional stations to the network. At the same time, 
there seems to be no reason to doubt that more effective concealment 
techniques will be developed. It should, therefore, be recognized 
that the essential nature of the control problem will remain unchanged, 
that is, a system consisting of a given number of control stations can 
be made more effective, but there will always remain a threshold 
below which nuclear weapons can be tested with little risk of detection. 

The yield corresponding to the control system’s threshold will be 
reduced in some proportion to the amount of effort applied to the 
development of detection methods and increased in some proportion 
to the amount of effort applied to concealment. 

I believe both Dr. Latter and I have given our thoughts on which 
technique will be improved most rapidly. 

Representative Houirtep. In view of your testimony today, would 
you say you are a little more optimistic on the chances of improving 
detection techniques than Dr. Brown was yesterday? 

Dr. Romney. I do not recall in detail how optimistic Dr. Brown 
was. 

Representative Ho.imietp. He was not very optimistic, I might 
say, if you did not hear his testimony. 


*See app.5, p. 643. 
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Dr. Romney. I feel certain significant results, and important re- 
sults, in connection with the control problem will come out of a 
vigorous research program. On the other hand, I also feel that you 
will always be able to hide explosions of some kind. 

Representative HoririeLp. We are going to go into the status of the 
research and development program both as to the type of program 
that is involved and also the cost of it. 

From your knowledge at this time, would you say that the program 
approaches this recommendation of the Berkner Panel or is it lagging 
in funds? 

Dr. Romney. The present program? 

Representative Ho.irrevp. Yes. 

Dr. Romney. The present program is being conducted at a slightly 
reduced level. The wincionl difference between that recommended 
by the Berkner Panel and the program actually underway is that the 
number of shots—large explosions, that is—have been reduced, and 
this is because of rather obvious political problems in connection with 
firing nuclear explosions. 

Representative Ho.irieLp. Of course, we are precluded from mak- 
ing any nuclear shots for detection device recording techniques under 
our moratorium agreement. If the moratorium agreement is renewed, 
it would mean that there would be probably no nuclear test explosions 
at all. 

I had a conference with Mr. Tsarapkin on this at Geneva, and I 
suggested that the United States and the Soviet Union embark on a 
coordinated program of research and development in which we would. 
have both chemical shots and nuclear shots. This was 2 years ago. 
No. It was a year ago last June. 

At that time Mr. Tsarapkin stated that they would agree to no 
more nuclear tests for any purpose, even joint participation tests in 
which further detection techniques could be verified or ascertained. 

Do you have any knowledge of the amount of money that is being 
spent in concealment experimentations such as Cowboy? 

Dr. Romney. No, sir; I have no direct knowledge in that area. 

Representative Hotirretp. Are there any questions of Dr. Romney 
or Dr.Latter? 

Representative Bates. In respect to what you hope to achieve by 
$30 million a year, including the nuclear explosions, in the event that 
the moratorium continues in effect, what will be the impact of that 
upon what you hope to uncover in the next 3 years? 

Dr. Romney. This point will be discussed more in detail later in 
the program. In general, I think the kind of information you will 
get without nuclear explosions will be far less specific to the control 
problems. 

You certainly can make progress with chemical explosives rather 
than nuclear, but you will definitely be sacrificing some things. But 
this will be discussed in detail. 

Representative Houir1etp. Dr. Latter, one more question. 

You stated that a tenfold improvement in concealment would 
require a hundredfold improvemeut in detection. Does this mean 
that we must make 10 times the effort, or necessarily spend 10 times 
as much money on the improvement program as we do on con- 
cealment? 
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Dr. Larrer. I do not know whether you can measure this in terms 
of money. We certainly are faced with a more serious problem in the 
improvements in detection when faced with increases in concealment. 

Representative Hourrretp. At least you feel that it is a more diffi- 
cult scientific problem and more effort should be put into that field? 

Dr. Latrrer. Yes, sir. 

Representative DurHAmM. Mr. Chairman, at that point, the world 
is demanding some kind of agreement. We have been holding a 
conference for almost 2 years on this problem. The question arises 
in my mind as to the factual data for reaching some kind of agreement 
on tests and whether or not we can feel safe under any condition on the 
basis of research and development work that has been done so far. 

I do not care whether you comment on that. We have not finished 
our research; we have not furnished enough money to do this job. 

Re .presentative HowtrieLp. We have not finished our hearings, Mr. 
Vice Chairman. Maybe you better withhold your judgment because 
we will have some people who are pessimistic contrasted to these 
gentlemen’s optimistic position, whichever way you want to put it. 

Representative DurHam. All right; I will withhold my comments. 

Representative Hosmpr. Whatever you might devise to your own 
satisfaction would not only be an adequate but a proper type of 
detection machinery, but there is still the problem of getting that 
accepted. I would judge from what you have said that. you cannot 
lay down a fact that is uncontrovertible that the other fellow could 
not nit-pick at it some way so that it would not be accepted. There- 
fore, your system would be derogated. 

Dr. Larrer. I am not sure I understood your point. 

Representative Hosmer. I am talking about a negotiation with 
another country for the sytem that is to go into effect. You would 
have devised what you believe to be the good system. But could you, 
with enough definiteness, state why, so that the other fellow could not 
say “That is not so good here; you make some assumptions there and 
we are just not going to buy it.” 

Dr. Romney. Let me try. I think in general you can make fairly 
good technical arguments as to what kind of equipment you need. 
There is still room for nit-picking even here, but you can make fairly 
good and fairly convincing arguments usually. 

On the other hand, I think the real problem you get into is what one 
side or the other considers as adequate for the job. We are interested 
in detecting the Russians if they should cheat and I agree with Dr. 
Panofsky it is not clear that they are interested in catching us if we 
cheat because they know we will not. 

Representative Hosmer. Thank you. 

Representative HotirreLp. Do either one of you have any further 
statements? 

Dr. Romney. No. 

Dr. Latrer. No. 

Representative Houirieup. Thank you very much for your testi- 
mony. 

(Dr. Romney’s formal statement on ‘Means for Improving Seismic 
Detection” follows:) 
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MEANS FOR IMPROVING SEISMIC DETECTION 


I, BASIC PROBLEMS IN DETECTING UNDERGROUND NUCLEAR EXPLOSIONS 
1. Effects of subterranean disturbances at long range 


The high energy radiations from nuclear explosions deep underground are 
rapidly absorbed by the surrounding rock, and most of the energy is converted 
into heat and compressional elastic waves. At each discontinuity in the physical 
properties of the rock (including the discontinuity at the surface) part of the 
compressional elastic energy is converted into other types of elastic waves. The 
result is that all of the known types of seismic waves (i.e., body waves of com- 
pressional and shear types, and surface waves of Rayleigh and Love types) are 
generally observed to propagate from an explosion. These seismic waves are the 
only known effects of such explosions which are detectable at distances beyond a 
few thousand feet from the point of detonation. The amplitude and frequency 
of the generated waves depend upon such factors as the yield of the explosion, 
the physical properties of the surrounding medium, the size and shape of the 
underground shot chamber, the depth of the explosion, the geological conditions 
and topography of the immediate surrounding area. At great distances, the 
characteristics of the seismic waves depend additionally on structural and elastic 
parameters of the earth through which the waves propagate. Little is known 
about the possible variations in the characteristics of seismic waves from under- 
ground explosions since only a limited number have been fired, all of which were 
in the same material under very similar circumstances. 

2. Detection 

Seismic waves are detected by measuring the displacement or strain along the 
surface of the earth. Although the motions are minute (of the order of 10 Ang- 
stroms at 1 cycle per second at a distance of 1,000 kilometers from 1 kiloton) 
instrumental techniques are sufficiently well developed so that these motions can 
be measured with little trouble. In this part of the spectrum, the limit to detec- 
tion is thus imposed by natural microseismic noises in the earth. The properties 
of the microseismic noise are not well known, although it is possible to make 
general statements about amplitudes in the 0.1 to 10 cycles per second range. 
However, since the observed noise depends on the intensity of the source, the 
distance, and the path of propagation, the amplitude is found to be highly variable 
from place to place and from time to time. At 1 cycle per second, for example, 
noise amplitudes of the order of 10 Angstroms are observed under extremely 
quiet conditions, and amplitudes of 200 Angstroms and greater are observed 
under noisy conditions. More detailed knowledge is required on the spectrum 
and coherence of noise, particularly at other frequencies, for complete under- 
standing of the detection problem. 


3. Identification 


A far more serious problem than the detection of seismic waves is the problem 
of identifying the nature of the source. This is one of the classic problems of 
seismology, which to date has been solved only under very specialized conditions. 
The seriousness of this problem is apparent when it is considered that kiloton-size 
bombs produce waves equivalent to and under most circumstances indistinguish- 
able from very small and very numerous earthquakes. Thus, at the present time, 
it is possible only to classify seismic disturbances into two categories: 

(a) Identified earthquakes. 

(b) Unidentified earthquakes and explosions. 
Since the final identification of an underground nuclear explosion requires ob- 
taining a sample of nuclear debris through onsite inspection, the difficulty of such 
identification is directly proportional to the number of seismic disturbances in 
the second group. The most significant area of potential improvement is there- 
fore to be found in the development of techniques for identifying the nature of 
seismic sources. 
4. Concealment 

A variety of methods ‘are available if special efforts are made to conceal an 
underground nuclear explosion. These include the use of noise cover from large 
earthquakes and aftershock sequences which are observed to follow such earth- 
quakes, the placement of the bomb in a position where a given seismic network 
has a minimum detection capability, and the firing of multiple explosive charges 
to produce confusing signals. However, on the basis of theoretical analyses, by 
far the most effective method appears to be that of reducing the size of the distant 
seismi¢ signal by suitable design of the shot chamber. The effectiveness of the 
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latter method for decoupling seismic waves has been amply demonstrated, at least 
for high explosive sources of the order of 1 ton, by the recent experiments in 
Louisiana (Operation Cowboy). 


II, IMPROVEMENT TECHNIQUES 


The most complete study of seismic improvement techniques was conducted 
by the Panel on Seismic Improvement, Dr. Lloyd V. Berkner, Chairman. The 
results of this study have received wide distribution and do not require discussion 
in detail. Briefly, however, the panel concluded that the present difficulties in 
the detection and identification of small seismic events are fundamental in nature 
and therefore the solution to these problems requires a fundamental attack on a 
broad range of seismological problems to be followed by a development program 
for translating research work into a specific detection system. specific areas of 
research which can be expected to lead to improvements are discussed below. 


1. Additional stations 


An immediately available technique for improving the capability of the control 
system is through the addition of stations to the control network. The Confer- 
ence of Experts recognized the value of this approach as indicated by the state- 
ment in their final report to the effect that ‘‘the dependence between these para- 
meters is such that with an increase in the yield of the explosion or the number of 
control posts the probability of detection and identification increases, and the 
number of unidentified events suspected of being a nuclear explosion decreases. 
On the other hand, for the identification of the increased number of unidentified 
events resulting from a smaller number of control posts it would be necessary to 
increase the number of onsite inspections or to make greater use of information 
coming from sources not subordinate to the international control organ or, if 
necessary, both.’”’ Since many of the detection problems result from the fact that 
signals of interest may be lost in noise, and since the amplitude of seismic waves 
decreases rather rapidly with distance, an increase in the number of stations means 
that the average detected signal will be larger compared to noise and therefore 
more usable for identifying the probable nature of the source. Three specific 
proposals have been made: 

(a) The first proposal is to increase the number of control posts of the detection 
system. In addition to the seismic improvement, this approach has the merit of 
reducing the thresho!d of detectability for air shots as well. 

(b) The second approach is to add a number of simplified manned seismic 
stations to the network. These first two approaches have the political disadvan- 
tage of placing additional men in foreign countries where they will not necessarily 
be welcome. 

(c) The third approach involves the addition of extremely simple unmanned 
seismic stations to the control network and providing means for telemetering the 
data to the manned control posts. The disadvantages of this approach are the 
high cost of installation and operation (of the order of $100,000 initial cost per 
station and a somewhat lesser cost annually for operation), problems associated 
with the physical security of the station and of the integrity of the data, and 
perhaps the problem that this approach requires far greater access to foreign 
territories than do manned stations because of the greatly increased number of 
stations required (the most authoritative study, by the Berkner Panel, suggests 
that the stations should be spaced on the order of 100 miles apart). Advantages 
of this approach are the greatly increased amount of data from closely coupled 
explosions, and the expectation that it might be possible to use such a fine spacing 
that even decoupled shots of a few kilotons could be detected. 


2. Improved detectors 


There is good reason to believe that the response characteristics of seismographs 
can be improved and be made more adjustable so that signals can be more effec- 
tively detected in the presence of noise. Additional work is clearly indicated at 
high frequencies (about 10 cycles per second) and at very low frequencies (0.1 to 
0.01 cycles per second). A second method requiring further research is in the use 
of very large arrays of seismometers, perhaps with as many as 100 detectors. The 
effect of an array is to reduce the response to incoherent noise relative to the response 
to coherent signals. In conjunction with the investigation of arrays, studies 
should be made of advanced data processing techniques for improving the signal- 
to-noise ratio by an amount potentially greater than that resulting from the simple 
additive methods used to date. A third approach, which has been under active 
investigation for several years, is the development of detectors for operation in 
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deep wells several thousand feet below the surface of the earth. Since it is ex- 
pected that much of the troublesome seismic noise is confined to the near-surface 


region of the earth, such detectors may be able to reveal signals far smaller than 
san be detected at the surface. 


3. Improved analytical methods 


When seismic waves are propagated through the earth, they are subjected to 
great distortion. The result is that the recorded signals are more clearly charac- 
teristic of the structural and mechanical properties of the earth rather than of the 
source. However, as seismology develops to the point where the causes of these 
distortions are well understood, it will be possible to remove the effect of the earth 
from the signals and therefore recover information, which is now lost, regarding 
the nature of the source. Studies of long-period seismic waves are particularly 
encouraging in this respect. It has recently been possible to determine the fault- 
ing mechanism of a number of large earthquakes through surface wave analysis. 
If this technique is developed to the point where similar analyses can be made on 
small earthquakes, it will be possible to make significant reductions in the number 
of unidentified events. Similar analyses can be made of characteristics of the 
longitudinal waves with the possible result that criteria in addition to the first 
motion criterion will be developed. A likely result of continued research will be 
the development of improved means for determining the depth of focus of earth- 
quakes at depths less than the present limit of about 60 kilometers. Such a 
technique would make a significant reduction in the number of unidentified events 
by establishing their depths below the limit obtainable by drilling techniques. 
Spectral analysis of the seismic waves from earthquakes and explosions may reveal 
significant differences. Experimental measurements of such spectra wil, of 
course, have to be supported by active theoretical investigation of the phenome- 
nology of underground explosions and also of wave generation by faulting sources. 


Ill. 





EXPECTED RESULTS FROM RESEARCH 


A vigorous research program in seismology, at the approximate level recom- 
mended by the Berkner Panel (about $30 million per year including $12 million 
for large nuclear and chemical explosions) can be expected to result in important 
improvements in the ability to detect and identify earthquakes of small magni- 
tude. Although forecasts of results of scientific research are intrinsically specu- 
lative, the Berkner Panel concluded that in 3 years the research program would 
“probably result in further improvements which could achieve the same capability 
in the Geneva net of 180 stations as was originally estimated by the Geneva 
Conference of Experts.’”’ This estimate, then, suggests that the control system 
can be improved to the point where there will remain 20 to 100 unidentified seismic 
events annually on the continents. _ 

At the same time, there seems to be no reason to doubt that more effective 
concealment techniques will be developed. It should, therefore, be recognized 
that the essential nature of the control problem will remain unchanged, i.e., a 
system consisting of a given number of control stations can be made more effective, 
but there will always remain a threshold below which nuclear weapons can be 
tested with little risk of detection. The yield corresponding to the control 
system’s threshold will be reduced in some proportion to the amount of effort 
applied to the development of detection methods, and increased in some proportion 
to the amount of effort applied to concealment. 


Representative HouirieLp. Our next item is means of circumvent- 
ing detection, commonly termed “decoupling,” and we will have 
Dr. Albert L. Latter of the Rand Corp., of Santa Monica, on this 
subject. 

Dr. Latter is from the University of California and he has been a 
staff physicist since 1951 at the Rand Corp. in Santa Monica. His 
special field of interest is the effects of nuclear explosions. (See app. 
7, p. 851.) 

He was a member of Technical Working Group II of the Conference 
on the Discontinuance of Nuclear Weapons Tests. I am going to tell 
a little story here, but it is not one of about these brothers. 1 do not 
want any confusion in the minds of the witnesses. There are other 
55625—60—pt. 19 
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occasions where there are two brothers in science. It seems to run in 
families. 

But the story that I am going to tell does not concern the two 
Latter brothers. It concerns two other brothers. One of them was 
the smart one and the other was the dumb one. The smart one got 
straight A’s through college and the dumb one had one B at the end 
of his college career. 

I am not applying that to you, Dr. Latter. I thought it was a good 
story because I think we are very privileged to have very fine scientists 
in America and we are always pleased to have gentlemen of your 
background appear before us. The backgrounds of all the men that 
have and will appear on this particular set of hearings will be in the 
record. 

You have a statement, I believe, Doctor. You may proceed. 


STATEMENT OF DR. ALBERT L. LATTER,’ RAND CORP., SANTA 
MONICA, CALIF. 


Dr. Latrrer. I am sorry that the story you told is not more appli- 
cable than it actually is. 

Mr. Chairman and members of the committee, to evaluate the 
capability of the seismic control system, we must know how the 
strength and character of seismic signals from underground nuclear 
explosions depend upon all the conditions of the explosion which 
can be controlled by the people carrying out the test. 

These conditions include not only the yield of the explosion but 
they include also the depth, the medium, the local geology, and the 
size as well as other characteristics of the explosion chamber. All 
these factors can be controlled, and we must assume that anyone 
wishing to violate the agreement would choose that combination 
of conditions which gives a minimum signal. 

Unfortunately, as you have heard, our knowledge of the seismic 
signals from underground nuclear explosions is quite limited. We 
have had only a few such explosions and all of these have been in 
the same medium, the same depth, and the same geology. 

Moreover, the size of the shot chamber has in all cases been small 
compared to the size needed to have a marked influence on thse 
signal; that is, all these shots have been tamped shots. 

This last factor, the size of the shot chamber, is now known to be 
particularly important and is the basis of the so-called big-hole 
method of decoupling. I will talk about this method at some length 
not only because it affects the strength of the signal so drastically, 
but also because it is the method about which we have the most 
information at the present time. 

To give a quantitative understanding of the big hole requires the use 
of a lot of mathematics. However, the essential physical idea is a 
very simple one. If the explosion occurs in a small hole—as is the 
case for a tamped explosion—the pressure which acts on the surround- 
ing medium is very great and the medium is not strong enough to 
stand the pressure. As a result, the hole must expand and this causes 
a large motion of the surrounding earth. It is this motion, this 

1 Received a Ph. D. in theoretical physics from the University of California at Los Angeles in 1951. Since 
then he has been a staff physicist at the Rand Corp. in Santa Monica, Calif. Dr. Latter’s special field of 


interest is the effects of nuclear explosions. He was a member of Technical Working Group II of the Con- 
ference on the Discontinuance of Nuclear Weapon Tests. 
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large motion, in the immediate neighborhood of the explosion which 
shows up at great distances as a tiny seismic signal. 

On the other hand, if the explosion is made in a big hole, the pres- 
sure which the surrounding medium experiences is not very great 
and the medium can stand the pressure. As a result, there is very 
little expansion of the hole and essentially no motion of the sur- 
rounding earth. 

I think you can see from this description that there is not really 
any question as to whether the big hole works in principle—it does. 
The only question is: How big does the hole have to be to insure that 
the pressure from the surrounding medium is not too great? 

Before turning to this question of how big the hole must be and if 
it is big enough what sort of reduction in signal will occur, I want to 
mention a rather curious fact; namely, that once the hole is big 
enough, the signal will not be further reduced by making the hole any 
bigger. 

As a matter of historical interest, this fact, that the signal dog not 
depend on the size of the hole, was known to U.S. scientists prior to 
the first Conference of Experts in 1958. 

Representative Hoxirretp. Doctor, you are skipping part of your 
statement. We have not had a chance to see it. Would you mind 
not skipping paragraphs in it? I would like to be educated on this 
subject. 

Dr. Larrer. It was an educational paragraph and I thought per- 
haps it was not necessary. But if you would like to be educated, very 
well. 

Representative HoutirreLp. What may not be necessary to you is 
absolutely essential to me. 

Dr. Larrer. To go back to the point as to why the hole need not 
be made any bigger once it reaches the critical size, this happens be- 
cause of an accidental cancellation of two opposing physical effects. 
One of these is that as the hole gets bigger, less energy goes into the 
earth’s motion. ‘This, of course, has a tendency to reduce the signal. 

On the other hand, it turns out that the energy which does go into 
the seismic wave is of a longer wavelength. As the hole gets bigger 
the wavelength increases. This longer wavelength signal is just the 
kind of a signal which can be propagated to great distances in the earth 
easily. The shorter wavelength signals tend to get filtered out by the 
earth. 

The net effect of these two opposite phenomena is that the seismic 
signal which occurs at a great distance from the scene of the explosion 
is independent of the size of the hole—provided the hole is big enough 
in the first place. Historically, this fact that the distant signal does 
not depend on the size of the hole was known prior to the first Con- 
ference of Experts in 1958. 

What was not known then was that the validity of this argument 
depends upon the hole being big enough. As a result the erroneous 
conclusion was reached that a big hole and a little hole would act in 
exactly the same way and, therefore, that a big hole would not de- 
couple. It was not until the early part of 1959 that we came to under- 
stand the importance of making the hole bigger than some critical 


sie in order to insure that the pressure would not be too great on the 
swrounding medium, 
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I would like to turn now to the question how large the seismic signal r 
will be from an explosion in a big hole compared to the signal from h 
the same yield explosion fully tamped in Nevada tuff. In other words, 
what is the big hole decoupling factor? il 

The answer to this question is based upon measurements of the a 
earth motion in the neighborhood of one of our underground nuclear n 
explosions, the Rainier explosion, in conjunction with the well under- n 
stood laws of elasticity. The result is, as you very well know, that 
the seismic signal is reduced by a factor of about 300 if the hole is si 
made in hard rock, such as granite or salt. 1 

I might say that the analysis which is used to make this estimate tl 
has been carefully scrutinized by many scientists for more than a tl 
year, and we may be quite confident that the decoupling factor of 300 fe 
is solidly founded. 

Again, in an educational spirit, I would like to point out that not al 
all of the factor of 300 is due to the action of the hole. Part of the 
effect is due to the medium in which the hole is made. If the hole m 
is made in a soft medium like Nevada tuff, the signal would be reduced he 
by a factor of about 50 instead of 300. 

Representative Houirie.p. In other words, a 50-kiloton explosion we 
in the Nevada series in the proper size hole would have registered the 
same as a 1-kiloton explosion on the seismograph? m. 

Dr. Larrer. Exactly. The effect is not as big for a hole in Nevada th 
tuff as it is for a hole in salt, but it is still very big. 

Representative HoLiFinLp. So there is a great variance in recordin I | 
between different types of earth. Now, can you tell us of oval su 
different types of earth that are commonly found in the different parts | ab 
of the world and what the relation is? 

You have given us granite as being six times more effective in trans- | wl 
mitting signals as tuff. Are there other types, such as volcanic ash, | ve: 
or sand, or limestone, or other types of material on which you have | ing 
any information? to 

Dr. Larrer. I am not really qualified to answer this question. | ex 
However, it is my belief that the materials, salt, granite, and lime- 
stone, are particularly strong as rocklike materials go. While there re 
may be some that are even stronger, I suspect that they are not * 
stronger by a very large factor. cas 

Representative Houir1e.p. In other words, the softer and looser | exa 
the formation, the less the signal. So 

Dr. Latrrer. No; the opposite is true. 

Representative Houirrevp. Is not granite harder than tuff? ] 

Dr. Latter. Yes, sir. in { 

Representative HoLirieLp. You say tuff would be 50 and granite} vol 
300? pre 

Dr. Larrer. Yes. So the harder the rock in which the hole 3 I 
made, the more effective it is in reducing the strength of the signal. b 

Representative Houirretp. I was looking at it the other way. I 
was thinking the same way, but I was applying it the other way. feel 

Dr. Latrer. The main thing, I guess, is that we agree. R 

Representative Hoxirietp. Would you use the blackboard and] sho 
show the difference between tamped shots and coupled shots? L 

Dr. Larrer. Yes, sir. I think that the point to keep in mind 8] bee; 

that all of our normalization of the strength of the seismic signal andj the 






how it is correlated with the vield of the explosion is based upon the 
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ral rather specific environment in which the half-dozen nuclear explosions 
om. have taken place—that is, the so-called Rainier conditions. 
ds, Rainier conditions refer to a depth of burial of the order of 800 feet 
in the Nevada tuff medium, which is soft in the sense that the speed 
the at which sound waves, very gentle pressure waves, propagate in this 
ear medium, is comparatively low. The number, as I remember, for this 
er- medium, is of the order of 2 kilometers per second. 
hat What we are talking about is comparing these so-called Rainier 
2 Is signals with signals from holes which are made in a different kind of 
medium—one in which the sound speed is considerably higher—of 
ate the order of 5 kilometers per second, and at a much greater depth of 
n a the order of several thousand feet. Here is a hole at several thousand 
300 feet. I will write three, but that is not meant too precisely. 
Representative HoLiriELp. It may not be meant precisely, but you 
not are giving somebody a big task to go that deep. 
the Dr. Larrer. I think it is not such a big task, as we will hear in 
hole more detail from Mr. Meade. That is just about the depth at which 
iced holes are customarily made in the petroleum industry. 
Representative Ho.irietp. When they shoot at the bottom of the 
sion | well. 
| the Dr. Latrer. Storage cavities for petroleum products are frequently 
made at this very great depth. I do not want to say too much about 
vada that because Mr. Meade will go into detail. 
The Rainier explosion took place in a hole, the shot chamber—now 
‘din I am remembering sort of off the top of my head and I am not too 
a sure of the number—I think the equivalent radius of this hole was 
parts | about 3 feet. 
Without giving away any military secrets, this is something like 
rans- | What you need in order to house a device. In other words, there is a 
ash, | very intimate connection between the weapon itself and the surround- 
have | ing earth. If you ask what pressure the surrounding medium is going 
to see, you can take the total energy which has been released in the 
stion. | explosion and ask what pressure it creates in a hole of that size. 
lime- Since that is a very tiny size hole, it is going to be a very large 
there ressure. For decoupling, we are talking about holes which are much 
e not | larger. For the same yield explosion which we talked about in the 
case of Rainier, 1.7 kilotons—again I do not remember the figure 
looser | exactly—the radius of the decoupling hole is of the order of 100 feet. 
So the 3 feet is to be compared with 100 feet. 
Representative Hotirrevp. Is that 300 feet in diameter? 
Dr. Latter. I said 100 feet in radius, to be compared with 3 feet 
in the case of the Rainier explosion. Now, because that is such a big 
ranite | volume, the same energy release is going to make a much smaller 
pressure on the surroundings. 
nole is Is this point clear? 
signal. Representative HoxirieLp. It compresses the air in the hole. 
ay. | Dr. Larrer. The important point is what pressure does the earth 
way: feel because it is the earth that is going to generate a seismic wave. 
Representative Hoxirretp. The air acts as a cushion before the 
d and] shock wave hits the solid earth. 

Dr. Larrer. Actually, if there were no air it would be even better 
nind 8} because then the energy would first go into the very large volume of 
ral and} the hole and the first time the earth knew anything about the energy 
yon thef the pressure would be much lower. 
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Representative HoLirieLp. Pounds per square inch would be much 
less? 

Dr. Larrer. Yes. 

Representative Hosmer. Your energy is expended in the vacant 
space rather than transmitted to the surrounding earth. 

Dr. Larrer. Yes. 

Representative HoLirieLtp. You told us about a hole being 33 
times as large for a 1.7. Let me give you a problem. 

If we wanted to explode a 100- kiloton nuclear test in granite, how 
big a hole would you have to have to reduce the pressure to where the 
recording would be less than 4.75? 

Dr. Larrer. There are two ways to work that problem. One is 
to be smart. The other is just to remember. If you do not mind, I 
will choose the second way. 

Representative Hotirietp. This does not necessarily mean that 
you are identifying yourself as the brother who got the B? 

Dr. Larrer. I hope it does not mean that. 

A 100-kiloton explosion to look like 20 kilotons requires a decoupling 
factor of only five. You have to remember I have been talking about 
holes which are sufficiently large to produce a decoupling of 300. 

The question of how you proceed to make a hole which makes a 
smaller decoupling factor is a very complicated one and about which 
we acquired information only recently in the Cowboy experiments. 
I plan to make some remarks about that particular question, and you 
might prefere to wait. But if not—— 

Representative Ho.iFreLp. You are not trying to evade the prob- 
lem? 

Dr. Larrer. No. Iam trying to give myself enough time to think 
of the answer. A factor of five is such a small decoupling that it does 
not come directly from the experiment. What we learned from the 
experiment was that we could obtain a decoupling factor of about 30 
with a hole size about one-thirtieth that which we had specified as a 
sufficiently large hole. That number, you remember, is 7 times 10 
to the fourth cubic meters per kiloton, which we specified in Geneva 
to Technical Working Group No. II as the volume which would be 
sufficiently large to give the full decoupling factor of 300. 

For a 100-kiloton explosion, this means 7 times 10 to the 6 cubic 
meters to give a decoupling factor of 300. The Cowboy experiments 
showed that to get a decoupling factor of 30 we need a volume only 
one-thirtieth of this size. 

One-thirtieth of 7 times 10 to the 6 is 2 times 10 to the 5 cubic meters— 
for 100-kilotons to look like 3 kilotons. To make 100 kilotons look 
hke 20 kilotons takes an even smaller hole, but I have no direct 
experimental information on this point. 

Representative HouirieLp. Interpret that in terms of the diameter 
of the hole. 

Dr. Larrer. Allright. That is something I can do with arithmetic. 

It is 37 meters or of the order of 120 feet in radius. In diameter, 
240 or 250 feet, if I have not made a numerical mistake. 

Representative HotirieLp. That gives us an idea; and if you want 
to work that problem out later and correct it for the record you may. 
If you want to change it you are given that privilege. 

Dr. Latrer. Thank you. 

Representative Hotir1eLp. Proceed, sir. 
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Dr. Larrer. I have already recalled to you the figure of 70,000 

cubic meters per kiloton of yield for the required volume of the hole 
as being the safe volume at which we expect to achieve the full 
decoupling factor of 300. 

I have an illustration in my statement of the 20-kiloton explosion 
requiring for that full decoupling factor a diameter of the order of 
140 meters, which I translate into feet as 450, which is a very big 
hole. It is a big hole compared to what we are used to. 

But there is a point I want to make. In my opinion, the only 
meaningful way to judge the size of a hole is to ask ‘Can such a hole 
be made? How much does it cost? How long will it take?” 

These are questions which fall outside of my competence, but my 
understanding from the most expert construction engineers in our 
country is that such holes are feasible and indeed could be made to 
accommodate yields all the way up to 100 kilotons and possibly 
greater at a reasonable cost and in a reasonable time. 

Representative Ho.ir1eLp. We are going to have some testimony 
from Mr. Meade on that; the next witness. 

Dr. Larrer. That is right. I will not say any more about it. I 
think you will find his numbers are exceedingly interesting. 

I want to remind you also that we stipulated such a very large size 
for the hole in order to be sure that the full decoupling factor of 300 
would be achieved. In other words, this criterion was a conservative 
one and actually one which was laid down prior to any experiments. 

It was very important, therefore, to have experiments which would 
determine how the decoupling factor might be reduced if the hole size 
were decreased below the safe limit. This was actually one of the 
principal reasons for the so-called Cowboy tests which were held 
recently in Louisiana. 

I would like to describe those tests in a little detail. They were 
conducted with conventional explosives in a salt dome medium at a 
depth of about 800 feet. The mass of the explosive charges used in 
these experiments ranged from 20 pounds to 2,000 pounds. 

Two spherical cavities were used—one having a diameter of 12 feet 
and the other a diameter of 30 feet. Corresponding to all cavity 
explosions, there were also fully tamped explosions of the same yield 
in the same medium and at the same depth. 

The seismic signals produced by the tamped explosions could be 
compared directly with the signals produced by the same yield explo- 
sions in the cavities, and this comparison could be made at various 
distances from the point of the explosion both on the surface and 
underground. 

The experiments were a complete success, and from them we ob- 
tained all the information that we had hoped to obtain. The experi- 
ments demonstrated beyond any doubt that the big-hole principle of 
decoupling is correct. Specifically, the experiments showed that the 
seismic signal from a fully tamped explosion is about 120 times bigger 
than that from the same yield explosion in the cavities. 

This figure of 120 results from the analysis not just of a single piece 
of data, but of many measurements made for several yields of explo- 
sion and at various distances from the point of the explosion. 

A value of 120 is a big decoupling factor, but we must ask the ques- 
tion: Why does this value of 120 differ from the dec oupling factor of 
300 which I previously mentioned? The answer to this question is 
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that the Cowboy experiment compares the signal from a hole in salt 
with a signal from a fully tamped explosion in salt, whereas the factor 
of 300 refers to the signal from a hole in salt compared to a fully 
tamped explosion in Nevada tuff. 

That is our normalization for all of the seismic signal yield corre- 
lations. The latter comparison with the Nevada tuff is the one which 
is relevant for the Geneva detection system. The best estimate of this 
decoupling factor is still 300. The ratio of 300 to 120—namely 24%— 
is the amount of decoupling which can be achieved simply by exploding 
the awe in salt rather than tuff without making use of a big hole 
at all. 

This is a very important byproduct result which has come from the 
Cowboy experiments. It says that the seismic signal from an under- 
ground explosion can be reduced by a factor of two or three simply by 
changing the medium, and it raises the question whether other media 
might give even smaller signals. This question remains to be answered 
by further experiments. 

Representative HotirieLp. By the way, what was the size of the 
chemical shot in the Cowboy series? Did you have different sizes? 

Dr. Larter. Yes. They varied from about 20 pounds to of the 
order of 2,000 pounds of chemical explosive. 

Representative Houirre.p. That is TNT? 

Dr. Latrerr. Yes. 

Representative HotrrreLtp. How could that be explained in tons? 

Dr. Latrer. 2,000 pounds is a ton. Therefore, about one one- 
thousandth of the yield of explosion that we normally refer to in the 
nuclear domain. 

Now let me come to the question: What happens to the decoupling 
factor—and this goes to the earlier question which you raised—if the 
hole size is made smaller than the critical size of 7 times 10 to the 
4 cubic meters per kiloton? 

The results of the Cowboy experiments in this connection were very 
surprising. The best theoretical judgment prior to the experiment 
was that the hole would behave like a boiler, which when subjected 
to too large a pressure loses its effectiveness in an abrupt and violent 
way. 

The Cowboy experiments, however, showed that the hole does not 
behave in this way; rather, it is possible to reduce the hole size by a 
large factor and at the same time maintain an appreciable amount of 
decoupling. In one case the hole was too small for the explosion by 
a factor of about 15. 

But the decoupling was degraded only by a factor of four or five. 
Furthermore, the damage to the cavity was slight and it was possible 
to use it again. This time the yield of the explosion was doubled. 
The decoupling was further reduced but only by another factor of two. 

These experiments indicate that it would be possible to reduce the 
size of the hole from the safe volume we have stipulated—namely, 
70,000 cubic meters per kiloton—to a size only one-thirtieth as great, 
and still achieve a very appreciable decoupling factor, perhaps of the 
order of 30. 

Representative Bates. What accounts for that: 

Dr. Larrer. Nature, but if you are asking do I understand it 
thoroughly, the answer is ‘‘No.”’ We are now involved in the be- 
havior of materials under pressure conditions in which the simple 
laws of elasticity do not apply. The laws of elasticity, which are 
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good laws and have been verified in many cireumstances, apply only 
when the pressures are not very great. When we make the hole 
small, we subject the medium to a very great pressure and we do not 
have enough theoretical understanding to say precisely what happens 
under these conditions at this time. 

Representative DurHAM. But it gave you more information than 
you ever had before. 

Dr. Larrer. Yes. That, fortunately, always is the case. 

Representative Houtrretp. You are probing, you might say, a 
completely new area of science here. 

Dr. Larrer. Yes, sir. 

Mr. Ramey. You came up with a figure on your blackboard calcu- 
lation of around 250 feet, as I ree vall, on the diameter of your hole by 
your decoupling factor of 5 or so? 

Dr. Larrer. Was that 5 or 30: I think I was saying in that case 
you would decouple by 30. 

Mr. Ramey. That would then correspond with the same statement 
that you have here? 

Dr. Larrmr. Yes, it is the statement that goes with the Cowboy 
information. 

Representative Houirretp. Will you at your leisure in time for the 
printed record work out three sizes, 20 kilotons, 50 kilotons, and 100 
kilotons? 

I am thinking of the sizes of tests which would be necessary to prove 
small weapon improvements. Work out the formula in salt and also 
in tuff and submit them for inclusion in the record. 

Dr. Latrer. For both the full decoupling and some smaller de- 
coupling? 

Representative Houirietp. Yes, sir. So we will have a spread of 
examples worked out in terms that a layman can understand exactly 
the size hole that is necessary to decouple these tests both partially 
and fully. 

Dr. Larrer. I will be glad to do that. 

Representative HouirieLp. I wanted kilotons, patterned after the 
Rainier shot—not the Rainier shot—but the 19-kiloton shot in Nevada. 

Dr. Latrrer. I think I understood what you meant. 

(The following table was furnished for the record by Dr. Albert 
Latter:) (See also Dr. Bethis supplementary statement, p. 182.) 
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Note.—The apparent yield as measured on distant seismographs is the nuclear yeild divided by the 


decoupling factor. E.g., a 100 kilotons explosion in a 250-foot-diameter hole in salt would have an apparent 
yield of about 3 kilotons. 
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Dr. Larrer. Yes, sir. 

Representative Houirre_p. If you need any help, ask your brother. 

Dr. Larrer. These results which I have presented are based upon 
experiments with conventional rather than nuclear explosives. It is 
proper to ask whether our conclusions would have been different if 
nuclear explosives had been used. 

Here we have only theoretical analysis to rely upon. Theory says 
that for two explosions of the same yield, one conventional and the 
other nuclear, in the same size cavity, the conventional explosive 
creates a much more severe pressure on the cavity wall than the 
nuclear explosive does. 

Representative Houirievp. This is till theory. You have never 
tested a nuclear device in a large hole. 

Dr. Larrer. That is right. 

Representative Houirietp. All tests were in tamped holes. 

Dr. Larrer. That is right. This conclusion, however, is drawn 
from theory which is much better established than the theory which 
I said was not well established before. This theory makes use mainly 
of hydrodynamic behavior in air at a high pressure level, and that is 
something which is well understood, in conjunction with the laws of 
elasticity, which are also well understood, and therefore, we may be 
much more confident of this theoretical result than we would be of 
theoretical results for tamped explosions. 

To follow your remark, I do believe it is quite important to verify 
this result with nuclear explosions. 

Representative DurHAm. To get complete results and answers to 
your problem? 

Dr. Larrer. Yes; that is right. To have complete results and real 
certainty you need to test the real thing. By way of summary, let 
me enumerate what are the important conclusions from the Cowboy 
tests. 

1. The decoupling principle is correct. 

2. The decoupling factor for a hole in salt relative to a tamped 
shot in salt is about 120. 

3. The decoupling factor which is relevant for the Geneva system 
is for a hole in salt relative to a tamped shot in Nevada tuff. The 
best estimate of this quantity is still 300. 

4. The difference between the factor 300 and the factor 120 is 
explained as due to a medium effect for tamped explosions. In other 
words, a decoupling factor of two or three results simply by using 
salt rather than Nevada tuff as the explosion medium. 

5. A violator of the test ban would not have to build a cavity with 
a large margin of safety. The decoupling factor is reduced by exceed- 
ing the safe limit but only in a gradual way. 

6. For explosions of the order of 10 or 20 kilotons, which is a mili- 
tarily significant vield, it is not necessary to achieve the full decoupling 
factor of 300. For such explosions, a decoupling factor of 30 or 40 
would be ample to insure that they would not be detected by the 
proposed Geneva system. 

This smaller amount of decoupling can be obtained by using rela- 
tively small holes; in fact, a size in which holes are customarily made 
for storing petroleum products. In other words, it appears possible 
with existing holes to conceal explosions of the order of 10 or 20 kilo- 
tons from the proposed Geneva system. 
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This last conclusion I think is of particular importance, and it would 
be desirable to provide further confirmation of this conclusion with 
explosions of greater yield and of a nuclear rather than a conventional 
type. 

Before concluding, I would like to add a few words about avenues 
of research that need to be explored in connection with decoupling. 
We know that the big hole makes a drastic reduction in the seismic 
signal. We know that a change of medium can make a small but 
important reduction in the seismic signal. 

We believe that changing the depth of the explosion can also influ- 
ence the signal but we do not have any experiments for this purpose. 
We need such experiments. 

The effect of local geology is also unexplored. We need experiments 
with explosions in different geologic areas. Finally, I believe there are 
possibilities for increasing the decoupling, of making further refine- 
ments in the big hole tec shnique. For instance, it would be possible 
to pump out a large portion of the air in the big hole. 

Theoretical considerations indicate that this procedure would allow 
the size of the cavity to be reduced without any reduction in the 
decoupling factor. Another possibility is to introduce into the cavity 
some heat-absorbing materials like finely divided carbon, which have 
the ability to absorb the energy of the explosion without making 
pressure. 

This last technique I think might allow a substantial increase in 
the decoupling factor without increasing the size of the hole. Some 
preliminary calculations indicate that a decoupling factor of several 
thousand might be achieved in this way. In short, I believe there 
are still many advances to be made in the art of concealing under- 
ground nuclear explosions. 

I also believe that methods of concealment must be studied simul- 
taneously with methods for improving detection, so that at all times 
we can make the best evaluation of the capabilities of the control 
system. 

Thank you. 

Representative HotirieLp. Thank you very much, Dr. Latter. We 
will expect to have these problems from you. (See table, p. 131.) 

Dr. Latter. I will do my best. I hope I get at least a B. 

Representative Hotirietp. Mr. Bates? 

Representative Barres. What would be the effect if, instead of on 
the surface, that you dug this hole and created an explosion in a 
mountain where you have horizontal pressure going into the atmos- 
Phere? What effect would that have? 

Dr. Larrex. I do not fully understand you. Are you allowing the 
products of the explosion to vent into the air? 

Representative Bates. Take a mountain peak. If we dug down 
through there you would have certain horizontal pressures that will 
go into the air, and you will have others that will only be downward 
as far as the seismic readings are concerned. 

Dr. Larrer. I think that if the hole were in such a protrusion, 
but the dimensions of that protrusion were very large compared to 
the size of the hole—remember, we are talking of something of the 
order of a few hundred feet for the diameter—if the lateral dimension 
were large compared to that, I think offhand that it would be equally 
effective in decoupling the signal and maybe more effective. 
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Representative Barres. There might be some volcanic craters that 
could be used. 

Dr. Latrer. You must be careful that the depth of the hole is 
sufficiently great. Part of the strength of the medium comes from 
having a lot of rock weighing on top of it. 

A rocklike material has very little strength when it is in tension, 
but as much strength as other materials as long as it is in compres- 
sion. So the idea is to get a lot of rock weighing on top of it to keep 
it in compression, which provides the strength. 

In other words, if you make an explosion in a hole in a mountain, 
you must still be careful to keep the depth of the hole sufficiently 
great relative to the top of the mountain. 

Representative Barss. I just wondered because some of the action 
is on the horizontal effect, whether that would nullify the effect of 
the decoupling to a certain degree. 

Dr. Larrer. I think if the dimensions were sufficiently large in the 
lateral direction compared to the size of the hole, it would not nullify 
the effect. But if they were not sufficiently large it would nullify 
the effect, and the explosion might not be ‘contained and it would 
just break through the mountainside. 

Representative HouiF1e.p. Is it your opinion that the hole should 
be circular? 

Dr. Larrer. It is important that it not differ too much from 
sphericity. By ‘“‘too much” I mean a factor of two or three. What 
is not all right is making it a long, cigar-shaped thing. 

Representative Houirretp. Most of the natural gas cavities are in 
the long shape, as I understand it. 

Dr. Latrer. Mr. Meade will explain to you that they are in the 
shape they are in because people want them in that shape and it is 
just as easy to make them in a nearly spherical shape. 

Representative Durnam. I think one of the most important state- 
ments you make is that you can carry this decoupling factor on 
down and down and it winds up that this kind of detection is not 
going to be worth very much. 

Dr. Larter. It is a good idea to take into account the possibility 
that if extraordinary means of this sort are made use of that the signal 
will be so reduced that the detection system will have no capability 
whatsoever against it. 

Representative Duruam. It is possible, in your opinion? 

Dr. Larrer. In my opinion, at some yield. 

Representative Houirrenp. Thank you very much, Doctor. 

Dr. Larrer. Thank you. 

(Dr. Albert L. Latter’s prepared statement follows:) 


DECOUPLING OF UNDERGROUND NUCLEAR EXPLOSIONS 


(By Albert L. Latter, Rand Corp., Santa Moniea, Calif.) 


To evaluate the capability of a control system for monitoring an underground 
nuclear test ban, we must have a great deal of information about the seismic 
signals which are produced by underground nuclear explosions. In particular 
we must know how the strength and the character of the signal depend upon all 
the conditions of the explosion which can be readily controlled by the people who 
are carrying out the test. These conditions include not only the vield of the 
explosion, but also the depth of the explosion, the medium in which it occurs, the 
local geology of the region, and the size as well as other characteristics of the ex- 
plosion chamber. All these factors can be controlled, and we must assume that 
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anyone wishing to violate the agreement would choose that combination of con- 
ditions which gives a minimum signal. 

Unfortunately our knowledge of the seismic signals produced by underground 
nuclear explosions is quite limited. We have had only a very few undergrourd 
nuclear explosions, and all of these have occurred in the same medium, Nevada 
tuff. All of them have been at a rather shallow depth of burial, less than a thou- 
sand feet. The local geology has been the same for all of them. And finally, the 
size of the shot chamber has in all cases been small compared to the size which 
would be needed in order to have a marked influence on the signal, i.e., all of the 
shots have been more or less closely tamped. 

This last factor, the size of the shot chamber, is now known to be particularly 
important and is the basis of the so-called big hole method of decoupling. I will 
talk about this method at some length not only because it affects the strength of 
the seismic signal so drastically but also because it is the method about which we 
have the most information at the present time. 

To give a quantitative understanding of how the big hole reduces the seismic 
signal, requires the use of a lot of mathematics. The essential physical idea, 
however, is a very simple one. If the explosion occurs in a small hole—as is the 
case for a tamped explosion—the pressure which acts on the surrounding medium 
is very large and the medium is not strong enough to contain the pressure. The 
hole must expand and this causes large motions in the surrounding earth. If the 
explosion occurs in a big hole however, the pressure which acts on the surrounding 
medium is not large, and the medium is strong enough to contain the pressure. 
In this case there is scarcely any expansion of the hole, and very little motion of 
the earth. I think you can see from this description that there is not really any 
question as to whether the big hole works in principle—it does. The only question 
is: how big does the hole have to be to insure that the pressure from the explosion 
is not too great? 

Before turning to this question of how big the hole must be, and if it is big 
enough, what sort of reduction in signal will occur, I want to mention a rather 
curious fact: namely, that once the hole is big enough, the signal will not be 
further reduced by making the hole any bigger. This happens because of an 
accidental cancellation of two opposing effects. One is, that as the hole gets 
bigger, less energy goes into the earth’s motion, which tends to decrease the signal. 
On the other hand it turns out that the energy which does go into the signal has a 
longer wavelength as the hole gets bigger, and this longer wavelength signal is 
more easily propagated to great distances through the earth, which tends to 
increase the signal. The net effect is that the seismic signal which occurs at a 
great distance from the scene of the explosion is independent of the size of the 
hole—provided the hole is big enough. As a maiter of historical interest, this 
fact that the distant signal does not depend upon the hole size was known to U.S. 
scientists prior to the first Conference of Experts in 1958, but at that time they did 
not realize that this is true only provided the hole is big enough and as a result they 
came to the erroneous conclusion that a big hole is no different from a little hole 
and hence a big hole will not decouple the signal. It was not until the early part of 
1959 that we came to understand the importance of making the hole bigger than 
some critical size to insure that the pressure would not be too great on the sur- 
rounding medium. 

I turn now to the question how large is the seismic signal from an explosion in 
a big hole compared to the signal from the same yield explosion fully tamped in 
Nevada tuff: In other words, what is the big hole decoupling factor? 

The answer to this question is based upon measurements which were made of 
the earth motion in the neighborhood of one of our underground nuclear explosions 
in conjunction with some theoretical analysis which employs the well-understood 
laws of elasticity. The result is that the seismic signal will be reduced by a factor 
of about 300 if the hole is in a hard rock medium such as salt or granite. 

The analysis which is used to make this estimate has been carefully scrutinized 
by many scientists for more than a year, and we may be confident that the 
decoupling factor of 300 is solidly founded. 

It may be of interest to note that not all of the factor 300 comes from the 
action of the hole. Part of the effect is due to the medium in which the hole is 
made. If the hole were made in a soft medium like Nevada tuff, the signal 
would be reduced by a factor of about 50 instead of 300. The further factor of 
6 comes from making the hole in salt or granite, which are stronger media. 

The difficulty imposed on the control system by such large decoupling factors 
is of course obvious. To use a by-now familiar example, a 100-kiloton explosion 
in a big hole looks seismically like an explosion of only one-third of a kiloton 
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under ordinary tamped conditions. Such a weak seismic signal would not even 
be noticed by the proposed Geneva control system against the natural background 
of seismic noise. 

Turning now to the crucial question of how big the hole must be to produce 
such a large decoupling, | would like to recall to you the figure that we presented 
in Geneva to the Technical Working Group No. II, 70,000 cubic meters per kiloton 
of yield for roughly spherical holes at a depth of about 1 kilometer. To be a little 
more graphic, this means that for a 20-kiloton explosion the hole must have a 
diameter of 140 meters. Still more graphic perhaps—450 feet. This is a very 
large hole compared to holes that we are used to. But, the only meaningful way 
to judge the size of a hole in the present context is to ask can such a hole be 
made? how much does it cost? and how long will it take? These are questions 
which fall outside of my competence, but I have understood that the most expert 
construction engineers in our country say that such holes are feasible and indeed 
could be made to accommodate yields all the way up to 100 kilotons, and possibly 
greater, at a reasonable cost and in a reasonable time. Mr. Meade who is one of 
these experts will discuss more facts about this important question in a subsequent 
presentation. 

Also I want to remind you that such a large size for the hole was stipulated in 
order to be absolutely sure that the full decoupling factor of 300 would be achieved. 
In other words this criterion for the hole size was a conservative one which was 
laid down prior to any experiments. Experiments were needed to determine how 
the decoupling factor might be reduced if the size of the hole were made smaller 
than the safe size. This was one of the principal reasons for the so-called Cowboy 
series of tests held recently in Louisiana. 

The Cowboy tests were conducted with conventional chemical explosives in 
a salt dome medium at a depth of about 800 feet. The mass of the explosive 
charges used in these experiments ranged from 20 pounds to 2,000 pounds. Two 
spherical cavities, one having a diameter of 12 feet, the other a diameter of 30 
feet, were available. Corresponding to all cavity shots there were also fully 
tamped explosions of the same yield in the same medium and at the same depth. 
The seismic signal produced by the tamped explosions could be compared directly 
with the signals produced by the same yield explosions in the cavities, and this 
comparison could be made at various distances from the point of the explosion 
both on the surface and underground. 

The experiments were a complete success, and from them we obtained all the 
information that we had hoped to obtain. The experiments demonstrated beyond 
any doubt that the big hole principal of decouplinz is correct. Specifically the 
experiments showed that the seismic sitnal from a fully tamped explosion in the 
salt was about 120 times bigger than that from the same yield explosion in one 
of the cavities. This figure of 120 results from the analysis not just of a single 
piece of data but of many measurements made for several yields of explosion and 
at various distances from the point of the explosion. 

We must now ask the question: Why does this value of 120 differ from the 
decoupling factor of 300 previously mentioned? The answer to this question is 
that the Dowhor experiment compares the signal from a hole in salt with the 
signal from a fully tamped explosion in salt, whereas the factor of 300 refers to 
the signal from a hole in salt compared to a fully tamped explosion in Nevada tuff. 
The latter comparison is the one which is relevant for the Geneva detection 
system. The best estimate of this decoupling factor is still 300. The ratio of 
300 to 120, namely 24, is interpreted as the amount of decoupling which can be 
achieved simply by exploding the bomb in salt rather than tuff without making 
use of a big hole at all. This is a very important byproduct result which has come 
from the Cowboy experiments. It says that the seismic signal from an under- 
ground explosion can be reduced by a factor of 2 or 3 simply by changing the 
medium, and it raises the question whether other media might give even smaller 
signals. This question remains to be answered by further experiments. 

Now let me come to the question: What happens to the decoupling factor if 
the hole size is made smaller than the critical size? The results of the Cowboy 
experiments in this connection were very surprising. The best theoretical judg- 
ment prior to the experiment was that the hole would behave exactly like a boiler, 
which when subjected to too large a pressure loses its effectiveness in an abrupt 
and violent way. The Cowboy experiments, however, showed that the hole does 
not behave in this way. Rather it is possible to reduce the hole size by a large 
factor and at the same time maintain an appreciable amount of decoupling. In 
one case, the hole was too small for the yield of the explosion by a factor of 15; 
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but the decoupling was degraded only by a factor of 4 or 5. Furthermore the 
damage to the cavity was slight and it was possible to use it again. This time the 
vield of the explosion was doubled. The decoupling was further reduced but only 
by another factor of two. These experiments indicate that it would be possible 
to reduce the size of the hole from the safe volume we have stipulated, namely 
70,000 cubic meters per kiloton, to a size only one-thirtieth as great, and still 
achieve a very appreciable decoupling factor, perhaps of the order of 30. 

Of course, all these results are based upon experiments with conventional rather 
than nuclear explosives. It is proper to ask whether our conclusions would have 
been different if nuclear explosives had been used. Here we have only theoretical 
analysis to rely upon. Theory says that for two explosions of the same yield, one 
conventional and the other nuclear, in the same size cavity, the conventional 
explosive creates a much more severe pressure on the cavity wall than the nuclear 
explosive does. That is, theory says that the decoupling factor which would be 
obtained with a nuclear explosive is, if anything, greater than the decoupling 
factor obtained with a conventional explosive. I think we can be quite confident 
of this result but I also believe it is important to demonstrate it experimentally 
with nuclear explosions. 

By way of summary let me now enumerate what are the important conclusions 
from the Cowboy tests. 

1. The decoupling principle is correct. 

2. The decoupling factor for a hole in salt relative to a tamped shot in salt is 
about 120. 

3. The decoupling factor which is relevant for the Geneva system is for a hole 
in salt relative to a tamped shot in Nevada tuff. The best estimate of this quan- 
tity is still 300 

4. The difference between the factor 300 and the factor 120 is explained as due 
to a medium effect for tamped explosions. In other words a decoupling factor 
of 2 or 3 results simply by using salt rather than Nevada tuff as the explosion 
medium. 

5. A violator of the test ban would not have to build a cavity with a large margin 
of safety. The decoupling factor is reduced by exceeding the safe limit but only 
in a gradual way. 

6. For explosions of the order of 10 or 20 kilotons, which is a militarily significant 
yield, it is not necessary to achieve the full decoupling factor of 300. For such 
explosions a decoupling factor of 30 or 40 would be ample to insure that they would 
not be detected by the proposed Geneva system. his smaller amount of de- 
coupling can be obtained by using relatively small holes, in fact a size in which 
holes are customarily made for storing petroleum products. In other words it 
appears possible with existing holes to conceal explosions of the order of 10 or 20 
kilotons from the proposed Geneva system. 

This last conclusion, I think, is of particular importance, and it would be desir- 
able to provide further confirmation of this conclusion with explosions of greater 
yield and of a nuclear rather than a conventional type. 

Before I conclude I would like to say a few words about other avenues of 
research that need to be explored in connection with decoupling. We know that 
the big hole makes a drastic reduction in the seismic signal. We know that a 
change of medium can make a small but important reduction in the seismic signal. 
We believe that changing the depth of the explosion can also influence the signal 
but we do not have any experiments for this purpose. We need such experiments. 
The effect of local geology is also unexplored. ye need experiments with explo- 
sions in different geologic areas. Finally, I believe there are possibilities for in- 
creasing the decoupling factor by making further refinements in the big hole 
technique. For instance, it would be possible to pump out a large portion of the 
air in the big hole. Theoretical considerations indicate that this procedure would 
allow the size of the cavity to be reduced without any reduction in the size of the 
decoupling factor. Another possibility is to introduce into the cavity some heat 
absorbing materials like finely divided carbon, which have the ability to absorb the 
energy of the explosion without making pressure. This last technique I think 
offers a realistic possibility of substantial increases in the decoupling factor without 
increasing the size of the hole. Some preliminary calculations indicate that a 
decoupling factor of several thousand might be achieved in this way. In short I 
believe there are still many advances to be made in the art of concealing under- 
ground nuclear explosions. I also believe that methods of concealment must be 
studied simultaneously with methods for improving detection, so that at all times 
we can make the best evaluation of the capabilities of the control system. 
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Representative Hotrrretp. Our next witness will be Mr. L. P. 
Meade, of the Phillips Petroleum Co., who will testify on the feasibility 
of the construction of large cavities. 

I will place Mr. Meade’s biography in the record at this time. 
Suffice it to say it is a very distinguished one and he has had many 
years of experience in geological work. 

I would like to say it is a pleasure to have you with us today. The 
committee has always tried whenever possible to call witnesses from 
those segments of industry not engaged solely in pure research and 
development who, through practical experience, can also contribute to 
our search for information. 

Mr. Meade, I think we better start after lunch. The bells have just 
rung for a rollicall in the House. I regret we will have to leave now to 
answer the rollcall, but we will start at 2:30. 

Following Mr. Meade we will have Dr. Teller and Dr. Hans Bethé 
for witnesses. 

(Whereupon, at 12:15 p.m., the subcommittee recessed, to recon- 
vene at 2:30 p.m. the same day.) 


AFTERNOON SESSION 


Representative Houirretp. The committee will be in order. We 
will continue this afternoon with testimony from Mr. L. P. Meade of 
the Phillips Petroleum Co. on the feasibility of construction of large 
cavities. 

Mr. Meade, will you please come forward to the chair. I am sorry 


we had to interrupt you this morning. You may proceed. 
STATEMENT OF L. P. MEADE,' PHILLIPS PETROLEUM CO. 


Mr. Mrapg. Thank you, Mr. Chairman. 

Mr. Chairman and members of the committee, the principal purpose 
of my discussion is to provide information on the feasibility of con- 
structing large underground cavities. Such cavities might be con- 
structed in various formations by well-known conventional hard-rock- 
mining methods. However, such a cavity would be very costly and 
would take quite a few years to build. It is also believed that many 
formidable difficulties would be experienced in such an undertaking. 
A large cavity might also be constructed in a salt formation by solution 
mining or leaching methods. While these techniques may not be as 
well known, they are simple and economical. A cavity constructed 
by these methods is estimated to cost only about one-tenth as much 
as one mined in hard rock. I shall therefore restrict my remarks 
to the creation of large cavities in salt by solution-mining techniques. 

About 250 underground cavities have been constructed in salt in 
the United States for the storage of petroleum products—mostly 
liquefied petroleum gas. A list of these cavities is given in the 
September 28, 1959, issue of the Oil and Gas Journal. Many more 
cavities have been formed by salt and chemical companies for the 


! Manager of the Engineering Development Branch of the Engineering Department of Phillips Petroleum 
Co. of Bartlesville, Okla, He has been in this position, engaged in consulting work and the direction of 
special services and engineering studies, for the past 8 years. Prior to this, he was mechanical] design super- 
visor in the Phillips Engineering Department Design Division for a period of 8 years. He became asso- 
ciated with Phillips in 1936 after having spent a year and a half with John Deere Tractor Co. of Waterloo, 
Iowa. He received his B.S. and M.S. in mechanical engineering from the University of Iowa in 1931 and 
1934 and in addition devoted 2 years to research work at the university. Mr. Meade is a registered pro- 
fessional engineer in the State of Oklahoma, a member of the Oklahoma Society of Professional Engineers, 
The National Society of Professional Engineers, and the American Society of Mechanical Engineers. 
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production of brine. For the most part, underground cavities have 
been formed by the solution-mining method, because of much lower 
cost and similicity of this method over conventional mining. 

There are two types of salt formations in which cavities have been 

formed. ‘These are sedimentary beds on the one hand and salt domes 
on the other hand. Salt domes are to be preferred because they are 
purer, more homogeneous, and thicker than sedimentary beds. There 
are more than 200 salt domes in the gulf coast region of the United 
States from the Mexican border to western Alabama. These domes 
range in size from one-half to 7 miles in diameter (0.8 to 11 kilometers) 
with an average of from 1 to 2 miles (1.6 to 3.2 kilometers). The 
average depth to the top of the salt is from 500 to 1,000 feet (150 to 
300 meters). The average thickness of the salt is over 10,000 feet 
(3 kilometers) and in many cases is known to be as deep as 30,000 
feet (9 kilometers). A map and listing of these salt domes is given 
in the August 11, 1952, issue of the Oil and Gas Journal. It is a 
well-known fact that similar salt domes exist in other parts of the 
world. A survey of the literature reveals references to a large number 
of areas in the Soviet Union where salt domes exist. 

Representative HouiirreLtp. Are these salt domes solid or do they 
have natural cavities in them? 

Mr. Meapr. No, they are solid. To my knowledge, no natural 
cavities exist in salt domes. 

Representative Van Zanpr. Mr. Meade, give us a definition for 
solution mining method. 

Mr. Meape. That will follow a little later. I have a complete de- 
scription of it, sir. 

Representative Van Zanpr. Very well. Thank vou. 

Mr. Meape. The cavities which have been constructed for petro- 
leum storage range in size from 25,000 barrels or 140,000 cubic feet 
(4,000 cubic meters) to 1 million barrels or 5,600,000 cubie feet (160,- 
000 cubic meters). Much larger cavities have been created by chemi- 
cal companies for the production of salt. One such cavity in the 
Bryan Mound near Freeport, Tex., is located between the depths of 
3,000 and 3,500 feet (915 and 1,065 meters) below the surface and has 
a maximum diameter of 500 feet (150 meters). 

Phillips Petroleum Co. has constructed some 20 cavities in salt, 
3 of which are in the Clemons Dome near Freeport, Tex. <A fourth 
is now under construction in this dome. The largest is located be- 
tween the depths of 1,910 and 2,260 feet (58 and 690 meters) below 
the surface, is roughly cylindrical in shape, with a maximum diameter 
of 235 feet (73 meters). It has a volume of 1 million barrels or 5,- 
600,000 cubic feet (160,000 cubic meters). The deepest cavity is 
located between the depths of 2,840 and 3,110 feet (865 and 950 
meters) below the surface, is also. roughly cylindrical in shape, with a 
maximum diameter of 150 feet (46 meters). It has a volume of 250,- 
000 barrels or 1,140,000 cubic feet (40,000 cubic meters). These 
cavities were purposely made the shape and size indicated. It is 
easy to make them of other shapes and sizes by use of the same 
methods of construction. The size can be increased by leaching over 
a long period of time or at a higher rate or both. The shape can be 
controlled by a technique involving the use of a hydrocarbon blanket 
for roof control and the point at which the leaching water is injected 
and the direction of circulation—whether from the top down or the 
bottom up. Repeated sonic surveys would be made as construction 

55625—60—pt. 110 
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progressed to make sure that the cavity would be the actual shape 
desired. 

In order to give you some idea as to the cost and time required for 
constructing such a cavity let us assume one of 13 million barrels or 
73 million cubic feet (2.110° cubic meters) volume located 2,500 
feet (760 meters) below the surface in a salt dome. This cavity would 
be about 516 feet (157 meters) in diameter if it were spherical. On 
the basis of criteria given, this size cavity would decouple the seismic 
signal of a 30-kiloton explosion. Cost of constructing and time for 
construction are closely interrelated. For this reason I will consider 
two cases, first that cost of construction is of considerable importance 
and is to be minimized, and second that time of construction is of 
paramount importance and is to be minimized. 

Representative Ho.irretp. From your statement so far, sir, you 
state that there are a considerable number of these large holes in exist- 
ence at the present time. 

Mr. Meape. There are a considerable number of cavities of 1 mil- 
lion barrels and less. 

Representative HouirreLp. Speaking in terms of the diameter of 
the hole, what would this run from? What are the sizes of these 
holes that are in existence at the present time? 

Mr. Meape. Most of the holes are under 300 feet in diameter that 
are used for hydrocarbon storage. There are some considerably 
larger holes that have been created for brine production and some of 
those run as high as 500 feet in diameter. 

Representative HoxirieLp. Do you go into costs of construction 
later on? 

Mr. Meapk. Yes, sir. 

May I have the slide of figure 1, please. 
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For the first case, that of minimum cost, a single hole would be 
drilled and cased as shown by figure 1. A surface conductor 36 inches 
(91 centimeters) in diameter would first be set to a depth of about 
100 feet (30 meters) and cemented to the surface. A hole would then 
be drilled into the caprock and a 30-inch (76 centimeters) surface 
casing would be cemented to the surface, about 500 feet down. Con- 
ventional oilfield cementing techniques would be employed. This 
casing is necessary to protect the water-bearing formations and to 
assure success in drilling through the caprock and on into the salt. 
The caprock is often porous making it impossible to maintain circula- 
tion of drilling mud which is necessary for the stabilization of the hole 
in unconsolidated formations above. The hole would then be drilled 
on into the salt dome to the desired depth of 2,500 feet (760 meters) to 
the top of the cavity and a 22-inch (56 centimeters) casing cemented 
to the surface. The hole would then be drilled to its total depth of 
3,400 feet (1,040 meters). A 16-inch (40 centimeters) diameter 
‘“‘protective’”’ casing would be suspended to a depth of approximately 
3,016 feet (920 meters) and a 10%-inch (27 centimeters) wash string 
suspended to a depth of 3,400 feet (1,040 meters). 

That is the type of casing schedule which we usually employ in any 
cavity construction. 

Representative Houirietp. Where is your circulation obtained? 
Is it up around the protective string? 

Mr. Meape. Yes. 

' anne Ho.iFieLp. So you remove the salt just as you do 
the oul. 

Mr. Meape. There are a few tricks to this thing to keep the roof 
from dissolving away and to control the shape and to produce the 
volume as rapidly as possible. 

The next slide. figure 2. Here is the first stage. That is washing 
the Bell Hole for insoluables. Most of these salt domes contain about 
10 percent of insolubles. I am not sure of the chemical formula. 
The washing operation would be started with the creation of a small 
space for the hydrocarbon blanket used for roof shape control. See 
figure 2. This would be done by pumping fresh water down the casing 
annulus and up the wash string. 

I might say that the brine would come on down and then would 
be brought up the protective annulus. After this space is formed a 
light oil such as burning oil or kerosene would be injected into the 
casing, as shown by red on the slide, until we got to this point, at 
which time we would get returns going up this annulus which I am 
calling the protective string annulus. Circulation would then be 
established with fresh water going down the wash string and brine 
returned up through the protective string annulus. This would be 
continued long enough to create a bell hole of sufficient size to contain 
the 10 percent or so of insoluble anhydrite that would be released from 
the salt during the entire cavity washing operation. As it is washed, 
the anhydrite which is usually in the form of sand would fall to the 
bottom and fill the cavity. This is done in order to get a spherical 
cavity because that is the shape that is wanted. 

Representative Ho.irretp. You use this process at the present 
time for the storage of oil and gas? 
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FIGURE 2 
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Mr. Meape. That is right. Primarily the storage of liquefied 
petroleum gas, which has to be maintained under a pressure of ap- 
proximately 200 pounds normally. This is an economical method of 
storage. 

May I have the next slide, figure 3, please. As soon as the 
anhydrite space has been formed, the wash string and protective 
strings would be pulled up here to a point just above the top of the 
cavity and the actual shape determined by a sonic survey. This is in 
common use. 

The actual shape and size would be determined just to check on our 
progress to date. The wash string would then be reset approximately 
500 feet into the hole from the top of the cavity and the protective 
string down about 100 feet from the top of the cavity. Then the 
hydrocarbon blanket would be spotted some place near the top and 
washing would be continued. 

Representative HoxirreLp. How close would this large hole be to 
the surface under this situation? 

Mr. Mrapr. We have assumed a depth of 2,500 feet. 

Representative Houirretp. I was going to ask you a minute ago 
if it is necessary to go that deep, or do you go as deep as your salt 
formations are? 

Mr. Mrape. No, sir. One of the premises on which the criteria 
is based is that the pressure generated by the explosion will not be 
greater than one-half a pound per foot of overburden so we don’t 
raise the surface of the earth. I believe that is what determines the 
depth. We have purposely established this between 2,500 and 3,000 
feet. It could be perhaps 3,000 to 3,500 feet. However, we would 
not want to go much deeper than that due to the nature of the salt 
which becomes hydrostatic and flows under pressure at depths greater 
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FIGURE 3 
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than 3,500 or 4,000 feet and it is not known how much flow will take 
place. We do know we have cavities at this depth which are success- 
ful. How much deeper we can go is not known at this time. 

Representative Hotirretp. How many of these cavities would you 
estimate exist in the United States at this time? 

Mr. Meapr. I would guess somewhere around 300. I cited 250 
for hydrocarbon storage and guessing offhand maybe 50 or more for 
brine production. Iam sure [ am on the low side. 

Representative Houirretp. The smallest diameter would be how 
much? 

Mr. Meape. Fifty to seventy-five feet. 

Representative Hotirretp. The largest? 

Mr. Meape. The largest that I have record of here is about 500 
feet in diameter. 

Representative Van Zanpt. Are they distributed throughout the 
Nation or are they in one section? 

Mr. Meape. For the most part they are in one section, in the 
southern part of Texas and Louisiana. However, they are also in 
the salt plains of west Texas, the Texas Panhandle, Kansas, New York 
State, and Ontario. 

Representative Hotirretp. Does northern Pennsylvania have any? 

Mr. Meapz. Not to my knowledge. I think the salt is rather deep 
there. 

Representative Hotirretp. Do you have any knowledge of the 
Russians using this same process for storage of hydrocarbon? 

Mr. Meape. I have no knowledge of it, sir. It has been widely 
publicized. 

Representative Ho.trie.p. It is public information? 
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Mr. Meape. It is all public information. There has been a lot 
written on it. It would be possible to do it any place there is salt. 

Representative HouirreLp. How do they rate from the standpoint 
of technology in the field of exploration for oil, drilling equipment, 
drilling techniques, and so forth? 

Mr. Meape. That is something I am not qualified to answer. 

Representative VAN ZANpT. Mr. Meade, is this what you call solu- 
tion mining? 

Mr. Meape. This is solution mining. You are taking it out by 
dissolving it. 

Representative Van Zanpt. Are these cavities watertight? 

Mr. Meapre. Yes, sir. We store product in these cavities under 

ressures as high as 2,000 pounds and we have no evidence of any 
abaes whatsoever. We are very careful to cement our casings in 
tightly using a salt base cement so we get a good cement job to the 
salt and then we pressure test them very carefully to make sure they 
are tight. We have no evidence of any of them leaking. 

Representative Van Zanpr. Is salt a good ingredient to absorb the 
shock of a nuclear explosion? 

Mr. Meape. That I am not qualified to answer. 

Representative Van Zanpt. What about the absorption of radia- 
tion? 

Mr. Meapeg. That I cannot answer. 

Representative Hotir1eLp. We have had testimony that the salt 
is similar to granite in its seismic recording effects. 

You may proceed. 

Mr. Meape. Since the fresh water is lighter than brine, it will 
tend to float on out and wash this upper portion of the cavity and 
we will first form this route to be able to control the shape properly. 
After the top portion of the cavity is formed, the wash string would be 
pulled and a sonic survey run again in order to check on “the shape 
and size. 

May I have the next slide, figure 4, please. The wash string would 
be reinstalled and the circulation would be reversed. We now would 
come down the wash string with our fresh water and back up through 
the annulus of the protective string. This is done in order to remove 
the salt at a fairly uniform and rapid rate throughout the height of 
the cavity. When we come in at the top we tend to spread out and 
make the thing large in diameter at the point of injection. If we 
reverse our circulation we get a mixing of this brine and this solution 
over the entire height. We would expect a cavity of about this shape 
from that washing procedure. 

Hydrocarbon would be added from time to time in order to prevent 
further dissolution and retain the roof shape. Sonic surveys would 
be run to check on this shape. With the wash strings shown for this 
case, a maximum circulation rate of approximately 5,000 gallons per 
minute (315 liters per second) of wash water could be achieved which 
would require about 4,200 horsepower. It is estimated that 33 
months would be required to drill and case the well and wash the 
cavern to 13 million barrels or 73 million cubic feet (2.1 by 10.6 
cubic meters). 

Following completion of washing, it would be necessary to empty 
the cavity of brine. This would be done by removing the hydro- 
carbon blanket by displacing it with brine and then pulling the 16- 
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FIGURE 4 
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inch (41 cubic meters) and 10%-inch (27 cubie meters) casing and 
installing a submerged motor electric pump through the 22-inch (56 
cubic meters) casing. This pump would have a 1,200-horsepower 
motor and be suspended on a 10%-inch (27 cubic meters) tubing 
through which it would deliver 900 gallons per minute to the surface. 
At this rate it would take 14 months to empty the cavity. 

Representative HouirreLp. You have a total then of 47 months. 

Mr. Means. Forty-eight months, I believe it is. 

Representative Houirietp. Which is 4 years, to construct a hole 
of this type. 

Mr. Merape. That is right. 

Representative Houirrevp. I see you get to the cost a little later 
in your statement. 

May I pin that amount to the size that is involved in this? What 
is the diameter of this hole that you are using these figures on? 

Mr. Mrapg. This was a 516-foot diameter, as | remember. 

Representative Ho.iFreLp. 516 feet. 

Mr. Mrape. Yes. 

May I have the next slide, please. 

Representative Van Zanpr. Mr. Chairman, may I ask Mr. Meade 
about the collapse of these caverns. In my State of Pennsylvania we 
constantly are faced with cave-in of mines. Would these cavities 
collapse or are they so constructed that they would maintain their 
shape? 

Mr. Mrapn. As I mentioned earlier, there are two types of salt 
formations. The sedimentary formations which are imbedded with 
shale and the salt domes which are homogeneous, with some insolubles. 
We have constructed cavities in the sedimentary beds and have had 
cases where the shale interbedding collapses and damages tubing and 














146 NUCLEAR WEAPONS TEST BAN CONTROLS 


one thing or another. We have had no case of collapse from the 
surface. There is a case in Kansas recently where a salt producing 
company had a very large cave-in. As I remember it made a hole 
at the surface of 500 feet in diameter and 150 feet deep. I don’t know 
the exact figures. There was one case in Texas where a company was 
building a cavity in a salt dome that came up very close to the surface. 
They were building the cavity near the surface and they had a collapse 
and failure. ‘Those two are the only ones I know of. 

The time required for drilling and casing the hole and washing the 
cavity to 13 million barrels and to empty the brine is estimated to be 
48 months for this minimum investment case. The cost is estimated 
to be about $2.5 million, exclusive of cost of site, site preparation, 
fresh water supply, utilities and brine disposal facilities, and hydro- 
carbon blanket. 

I had mentioned the hydrocarbon blanket previously. It would 
be used for roof control. It would be 100 percent recovered. So 
although you might have an investment of several million dollars in 
hydrocarbon blanket during construction, it would all be recovered 
and used for other purposes. The cost of site and site preparation, 
fresh water supply and utilities and brine disposal would depend on 
the location, whether it was on the gulf coast or inland, and various 
other factors. It might run from 500,000 to a million dollars or more. 
A more detailed estimate of cost and time required for construction is 
given in table I. 

Representative Hourrisip. This would make a total cost of about 
$314 million? 

Mr. Mrape. That is right. 

Representative Houtrretp. For a 500-foot diameter hole. 

Mr. Merape. That is right. 

Representative HouirieLp. That type of a hole could be used over 
and over for tests. 

Mr. Mrape. Thatisa question of conjecture. I don’t know whether 
it could or not. 


TaBLeE I.—Estimate of cost and time to develop 13,000,000-barrel cavity minimum 
cost—Case I 


Cost-dollars | Time-months 








Drill and case 1 hole and equipment for washing-_-~_...........-.....-.-- | 225, 000 | 2 
Pumping facilities, 5,000 gallons per minute, 4,200 horsepower- -..------- 70 OOO becdcbddcciuwkalle 
Wash bell hole for insolubles_.........--- chathdmiceddaxehalh tosehnane ‘ | 4 
Top cavity development _- ------- io oes one eae boo OF eerie 1, 225, 000 |; 4 
Git ND OI eats. chen deenmemn ne udddtbmabich taupe odes | 22 
I a ea Rhea id uate 25, 000 1 
Dewatering pump, 900 gs allons per minute, : $3 200 horsepow istic 530% | 150, 000 1 
PN i as Ce et al ll aed she ieee eal ah _ 205 5, 000 14 

RN GS ails ctieh th cis dbname Weta s eS eRe ee dal TE Ee ek 2, 580, 000 48 
Engineering, 5 perce BR ie oe ee nae oe ci saalieanste erie acl | TR OOO Innes can cause 


Note.—This estimate does not include the cost of site, site preparation, fresh water supply, utilities, brine 
disposal facilities, hydrocarbon blanket nor the time required for acquisition of these items, 


Representative Houtirretp. In the Hardtack series we did use the 
same hole, as I understand, for more than one test. 

Mr. Meapeg. It would depend on what the explosion did to it. 
That I don’t know. We will only find out by trying. 
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For the second case, that of minimum construction time, a similar 
technique would be used, the basic difference being that a number of 
holes would be drilled and cased concurrently. Let us assume for 
this case that four holes for washing are drilled on a 50-foot circle 
and that one hole of the same size is drilled in the center for shape 
control. This center hole would be used for injection of the hydro- 
carbon blanket and for running a continuous sonic survey on shape. 
The four wash holes would no longer need protective strings which 
would make it possible to increase the wash string to 13% inches—34 
centimeters. With this arrangement a circulation rate of 48,000 
gallons per minute—3,030 liters per second—could be obtained 
which would require about 38,400 horsepower. The cavity would 
then be emptied with five of the pumps previously mentioned, one in 
each hole. 

May I have the next slide, table II, please. The time required for 
drilling and casing the hole and washing the cavity to 13 million 
barrels or 73 million cubic feet—2.1 times 10° cubic meters—and to 
empty it of brine is estimated to be 16 months for this minimum time 
case. The cost is estimated to be $11,125,000 again exclusive of site, 
site preparation, fresh water supply, utilities and brine disposal 
facilities and hydrocarbon blanket. A more detailed estimate of cost 
and time required for construction is given in table IT. 





TaBLE II.—Estimate of cost and time to develop 13,000,000-barrel cavity, minimum 
time, case II 


| Cost—dollars | Time—months 








Drill and case 5 holes and equip 4 for washing -__....................-.-- | 1, 125, 000 2 
Pumping facilities, 48,000 gallons per minute, 38,400 horsepower - -._..--- | Oe Caitirdntsitngatate 
fey Sn Oe ND DUE COS oe sein anna Shen eae enn dbdce 4 
NS NON i oe ee eed 2, 190, 000 2 
VE IEEE HENNE S «bab n cabs unica dbs etd Abe yh ban btn ceed | 4 
CE I SN a aaivietincabinatabahibinctnhhiaeaadhadieinnanhastl ee of ee 
Dewatering pumps, 5, 900 gallons per minute, 1,200 horsepower - ..._._-- 750, 000 1 
SOPOT Sil ick a ee a el 8 nest | 180, 000 3 

ae bass abi dae ddarbins See dadends ands aes Soke bese 11, 125, 000 16 
nmiierinie? © Ree oak a chaos mashable x aebetitebeeabtanalinds, Madde, | GROOe bo tadeclactendate 





Note.—This estimate does not include the cost of site, site preparation, fresh water supply, utilities, 
brine disposal facilities, hydrocarbon blanket, nor the time for acquisition of these items. 


You will observe the large difference in cost between the two cases 
is brought about by having to drill the larger number of holes and 
install the much greater pumping facilities. 

It must be realized that such a vacity could be constructed at a 
slightly lower cost than is given for case I by extending the time 
some more, and that the time for construction for case II could be 
reduced slightly by the expenditure of a considerably higher sum of 
money. 

The 13 million barrels, or 73 million cubic feet (2.110° cubic 
meters) cavity which I have been discussing, is only slightly larger 
than some of those which we know have been formed by chemical 
companies. The construction of considerably larger cavities using 
the same techniques is believed entirely feasible. 

For instance, a cavity of about 40 million barrels or 225 million 
cubic feet (6.410° cubic meters) would be about 750 feet (230 
meters) in diameter. On the basis of criteria given, this cavity would 
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be of sufficient size to decouple a nuclear explosion of up to 90 kilotons 
or so. The next slide (table III), please. It could be constructed 
and dewatered with five wash holes as described in case II. Here 
we have the same investment as we had in case II except we are 
going to wash longer. It would be constructed in approximately 28 
months at an estimated cost of $13,505,000. A more detailed esti- 
mate of cost and time required for construction is given in table III. 


TaB.e III.—Estimate of cost and time to develop 40,000,000-barrel cavity 


Cost— Time— 
dollars months 


| 
Drill and ease 5 holes and equip 4 for washing ; ; 1, 125, 000 | 
Pumping facilities—48,000 g.p.m., 38,400 h.p_._.......-.-.-----.-...-.-.-2--. 6, 850, 000 | 
Wash bell hole for insolubles_-__- x sed ‘ | 
Top cavity development 4, 140, 000 { 
EE OE Ct cn dcacegien<ducnlaateninnes bdntcinttne es er ae ghitante 
a eee Le A hy ds EE 50, 000 
ponwreen Demes SNe 6.0.00. 1,900 0.D. os on5 ink nnn cesccanasicncdsteabnensenl 750, 000 
Dewater cavity.......-- Detasnnnde isd igtimiehaalatee vévnauibeie apvinwa aomen benadins | 590, 000 


13, 505, 000 


Engineering, 5 percent, $675,000. ; : 
This estimate does not include the cost of site, site preparation, fresh water supply, utilities, brine disposal 
facilities, hydrocarbon blanket, nor the time required for acquisition of these items, 


You will notice that this is only about $2!; million more than the 
13 million barrel hole and is roughly three times as large. 

While there are many conventionally mined operations in salt 
formations at various depths that are at atmospheric pressure, almost 


all of the solution-mined cavities have been maintained full of brine or 
hydrocarbon. This has been done to simplify operations. It is 
believed that cavities located in salt at a depth between 2,500 and 3,250 
feet (760 and 990 meters) will have an initial closure in the range of 5 
to 10 percent. The rate will be greatest at the beginning, however, 
and decrease with time. This problem has been evaluated and is 
discussed in detail in ‘‘An Evaluation of the Factors Influencing the 
Stability of a Large Underground Cavity,” by Prof. Don U. Deere 
of the University of Illinois. This investigation was made for the 
AEC in October of 1959. 

In conclusion, it can be said that cavities of the size that would 
decouple nuclear explosions up to 20 to 30 kilotons have been built 
and that it would be easy to construct cavities several times larger 
using the same techniques. These techniques are well known in the 
chemical and oil industries, and have been widely publicized. Large 
cavities could be easily constructed at a reasonable cost anywhere in 
the world that large deposits of salt are found. 

Representative HouirieLtp. Thank you very much, for your state- 
ment, Mr. Meade. 

Representative Van ZANnpT. In concluding your statement, you say 
it would be easy to construct cavities several times larger than, as we 
understand it, those capable of concealing 20 to 30 kiloton nuclear 
explosions. Are we correct in assuming, based on your analysis at 
least, a 100-kiloton nuclear explosion could be concealed underground 
by the method you have just described? 

Mr. Meapke. I believe, if I follow your question, that is correct. 
In other words, by the construction of a cavity of roughly 40 million 
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barrels you could conceal a nuclear explosion of up to 90 ar 100 
kilotons. 

Representative Hosmer. Aside from this particular method you 
have described in creating caverns, there do exist in nature a great 
many subterranean caverns of large size? 

Mr. Meape. I am not too familiar with those, sir. I believe that 
an investigation was made last fall as to the natural cavities that were 
in existence. I am not sufficiently familiar with it to talk about it. 

Representative Hosmer. Are there any salt dome cavities man- 
made that are abandoned? 

Mr. Meape. I believe there are. They are sitting there full of 


brine. I can’t say whether they are abandoned or not. They are 
owned by various corporations. 


Representative Hosmer. Out of use? 

Mr. Means. They are out of use, I believe, because the companies 
have decided against making them any larger. 

Representative Hosmer. Is this process for obtaining brine used in 
other countries than the United States? 

Mr. Meape. Yes. 

Representative Hosmer. It is fairly worldwide? 

Mr. Meape. It is a well-known system of producing salt. 

Representative Hosmer. Costwise is the Fraasch process for ex- 
tracting sulphur a good deal more expensive? 

Mr. Mrape. I can’t discuss that. I don’t know. 

Representative Hosmer. Thank you, sir. 

Representative Van Zanpt. Mr. Meade, I think you are acquainted 
with a fact that a shot in outer space would cost about $20 million. 

Mr. Mrape. No, I am not. 

Representative VAN Zanpt. This information we have in our pos- 
session. Were we to use underground cavities we could not only 


instrument them better but could prepare them at a much more 
reasonable cost. 


Mr. Means. It would appear so. 

Representative Van Zanpt. And we would eliminate, as Mr. Dur- 
ham mentions here, the radiation hazard. 

Mr. Merape. That is right. 

Representative VAN ZanpT. So underground tests in these cavities 
seem to be the best place to do the job. 

Mr. Meape. It looks very attractive. I know very little about it, 
however. 

Representative HouirreLp. Your testimony has been very valuable 


to the committee, Mr. Meade. We appreciate your taking the time 
to respond to our invitation. 


Mr. Meape. Thank you. 

Representative HouiFIeLp. Just a moment before you leave, please. 

Mr. Ramey. Was it clear from your testimony that you believe 
there are comparable deposits in the Soviet Union to those that you 
described in the United States? 

Mr. Meape. Yes, I do. I am not a geologist and prior to coming 
here I asked one of our geologists to make a brief literature survey on 
that very subject. In a matter of 3 hours time he came up with about 
50 references to salt domes in the Soviet Union. I had my secretary 
type off two or three pages of them and did not think it worth her 
while to type any more. I might read you briefly a reference in 1939, 
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Bulletin of the American Association of Petroleum Geologists, volume 
23, No. 4, page 492 to 516. They say: ‘Although oil has been pro- 
duced since 1908 from salt domes in the Emba area which lies between 
the south end of the Ural Mountains and the north shore of the Caspian 
Sea, the geological situation in that region has escaped the attention of 
many American geologists. Salt dome geologists of the gulf coast 
region have frequently had their attention directed to the salt struc- 
tures of Germany and of Rumania, whereas greater resemblance to 
the gulf coast is to be found in the Emba district where more than 100 
salt domes are known in an area about the size of the gulf coast ex- 
clusive of south Texas. Future discoveries may bring the total to 
300 or more salt domes, including the deep ones.’”’ Then they go on 
and tell about the oil production. Iam sure a review of the literature 
will reveal a lot of salt domes in Russia. 


Representative Hoxirietp. Would you submit that list to the 
committee? 


Mr. Meape. Yes. 
(The document referred to follows:) 


FEASIBILITY OF CONSTRUCTING LARGE CAVITIES 


By L. P. Meade 


BIBLIOGRAPHY OF REFERENCES TO RusstAN Satt DoMEs 
[Bulletin of the American Association of Petroleum Geologists, vol. 23, No. 4, April 1939, pp. 492-516] 


EMBA SALT—DOME REGION, U.S.S.R., AND SOME COMPARISONS WITH OTHER SALT— 
DOME REGIONS 


C. W. Sanders, Houston, Tex. 


Although oil has been produced since 1908 from salt domes in the Emba area, 
which lies between the south end of the Ural Mountains and the north shore of the 
Caspian Sea, the geological situation in that region has escaped the attention of 
many American geologists. Salt-dome geologists of the gulf coast region have 
frequently had their attention directed to the salt structures of Germany and of 
Rumania, whereas greater resemblance to the gulf coast is to be found in the Emba 
district, where more than 100 salt domes are known in an area about the size of the 
gulf coast exclusive of south Texas. Future discoveries may bring the total to 
300 or more salt domes, including deep ones. Only six salt domes are being ex- 

loited but many others have shown evidence of accumulations of oil and gas. 

roduction has been found in ‘‘Permo-Treassic,’”’ Jurassic, and cretaceous strata, 
but chiefly in Jurassic sands. The oil reserves appear to be commercially im- 
portant but do not rank with those of the gulf coast. 

The Emba mother salt series is of Permian age—probably Upper Permian. The 
overburden is much thinner than that of the gulf coast, consisting chiefly of 
Mesozaic strata, with local patches of Tertiary sediments, and a blanket of 
Quatermarz (Caspean) beds in the coastal area. 

Many of the salt structures are larger than any gulf coast shallow domes. 
oe exploration will probably reveal an increasingly larger percentage of deep 

omes. 

More is known about presalt strata in the Emba region than in the gulf coast 
because of the outcrops in the southern Urals. The Upper Carboniferous and the 
Permian sections have been rather closely correlated by several investigators with 
the Pennsylvanian and Permian sections of the Mid-Continent region, largely on 
the basis of the ammonites contained. 

Development has been slow in the Emba district due largely to the remoteness 
of the area, the long severe winters, and the thinness of the sands as compared 
with the prolific Tertiary sands of the Caucasus belt. 

The tectonic setting of the Emba domes is discussed and compared with that of 
the salt domes of the gulf coast, of the North German basin, of Persia (iron), and 
of the Carpathian foothills belt in Rumania. 
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BIBLIOGRAPHY AND INDEX oF GEOLOGY EXCLUSIVE oF NorTH AMERICA 


Vol. 22 

Aezenshtadt, G. E. A. 

1. Vsesayus. Neft. Nauch.-Issled. Geol.-Razo Inst; Tr. V. 95 (Geol. Sbornik 2). 
pp. 21-30 illus. 1956. 

In the Emba region, U.S.S.R., petroleum accumulations are associated 
with Meso-Cenozaic salt domes and with buried Permo-Treassic (or 
Upper Permian?) salt structures. A classification for the various types 
of accumulation is proposed, based on differences in mode of occurrence— 
strutegraphic and structural traps and other types of reservoirs. 

2. Vsesayus. Neft. Nauch.-Issled. Geol.-Razo. Inst; Tr. V. 95 (Geol. Sbornik 2) 
pp. 214-221, 1956. 

The salt domes of the southern Emba region, U.S.S.R., are classified 
into two major groups—primary salt domes (Permo-Treassic) and sec- 
ondary domes (Meso-Cenozaic). Various types distinguished among the 
secondary domes are described. 

Fridland, V. M. Page 171 
Vaprosy Geog. Sbornik 33, pp. 261-275, illus., 1953. 
A discussion of the occurrence of salt domes and saline soils in the 
Caspian basin U.S.S.R., with special reference to their interrelationships 
and their significance from the point of view of water supply. 


Page 7 


Vol. 21 

Aezenshtadt, G. E. A. 

Geol. Sbornik (Vsesoyuz. Neft. Nauch.-Issled. Geol.-Razo Inst.) 3 (6) pp. 215-218 
illus. 1955. 

Presents new data on the tectonics of salt domes relating to the develop- 
ment of secondary domes on the flanks of the original structure. During 
uplift of the salt mass, the care migrates upward. With each new stage 
of uplift, recurrent movement takes place along the principal fault, and 
additional anticlinal structures are developed on the flanks of the domes. 

Avrov. V. Ya. Page 29 
Geol. Sbornik (Vsesoyuz. Neft. Nauch.-Issled. Geol.-Razo Inst. 3 (6) pp. 
199-214, 1955. 

An analysis of the processes responsible for the formation of salt domes 
in the Caspian region, U.S.S.R. tt is concluded that their formation took 
place in pre-akchagylia time, during relatively intense Tertiary crustal 
movement, and that the nature of the overburden played an important 
role in their local development. 

Luzhnaya, N. P. (and E. I. Lukyanna and F. A. Makarenko) Page 368 
Vaprosy Geol. Azii (Akad. Nauk SSSR) v. 2, pp. 633-642, illus., 1955. 

Discusses the origin and nature of the salts in the Uzbai dry water 
course, Turkmenistov, U.S.S.R. 

Meshcheryakov, Yu., A. Page 400 
(Gerasimov. I. P., ed) pp. 65-78, illus., discussion, pp. 79, 98, Akad. Nauk, 
8.8.8.R., Kom Izuchenizu Chetvert. Periola, Moscow, 1953. 

Discusses evidence of recent tectonic activity in the north Caspian 
region, U.S.S.R., particularly that associated with intrusion of salt dome 
in the region. The surface expression of the various types of salt domes 
is analyzed, regional structures are described, and the principles used in 
evaluating salt-dome activity are outlined. 

Sheherbina, V. N. 
Akad, Nauk. Kirgiz, SSR, Inst. Geol., Frunze, 1956 

A monographic study of the mineralogic composition, petragraphic 
characteristics, and mode of formation of continental Tertiary salt and 
gypsum deposits in the intermondane basins of the Tien Shan range in 
Kirgiz, Asiatic U.S.S.R. 

Vol. 20 
Aezenshtadt, G. E. A. 
Akad. Nauk 8.8.8.R. Daklady t. 68, no. 5, pp. 901-903, 1949. 

An investigation of Jurassic sedimentation in the Emba salt dome region, 
western Kazakhstan, U.S.8S.R. based on barehole data. No correlation 
was found between thickness or lithology of individual zones and the loca- 
tion of the salt domes, thus indicating that no sedimentation took place dur- 
ing periods of salt dome growth. Although the overall movement of the 
basin was one of subsidence, this was interrupted by periods of uplift ac- 
companied by emplacement of the salt dome. 
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Vol. 19 Page 294 

Lunin, P. I. 

Akad. Nauk S.S.S.R. Inst. Geol. Nauk Tr. V 60, Inst. Geol. Nauk. Tr. V 60, 
Geol. Ser. No. 18, 34 pp (Russ. Engl. summ.) illus. 1941. 

The development of Permian salt deposits in the Ural region, U.S.S.R., 
was controlled in part by the presence of buried structures in the sub- 
surface of the depositional basin, crystal growth, which promoted the forma- 
tion of originally slightly convex beds, and tangential pressures were also 
agents in the doming process. The buried structures in the salt dome area 
of the Ural-Emba district are oil-bearing; similar structures in the Ishim- 
baen district may prove to be petroliferous. 

Vol. 17 Page 394 
Sharapov, I. S. 
Sovet. Geol. No. 5, pp. 44-52 sk. map., 1941. 

Discusses the conditions of formation of the salt structures in the Dnieper- 
Donets basin, U.S.S.R., and concludes that they were developed during 
regional folding and are the product of intrusion of salt into higher zones 
from underlying Devonian anticlinal folds. 

Vol. 16 Page 125 
Guraru, F. G. 
Acad. Sei., U.R.S.S., B., Ser. Geol. No. 4, pp. 75-88 (Russ., Eng. Summ) illus 1947. 

Study of the distribution of Saline springs and the geological strueture 
of the Olekominsk district. Yakutsk U.S.S.R., indicates that lower Cam- 
brian rock salt masses occur as cores of the structural uplifts with which 
the springs are associated. The salt masses are believed to have played 
a considerable role in the formation of the structures. 

Kolbin, M. F. Page 166 
Moskov, Obshch. Ispyt, Priorody, B. t. 53 Otdel Geol. t. 23, no. 6, pp. 83-91, 1948. 

Discusses new data on the geomarphology and structure of the right bank 
of the Volga river below Stalingrad, U.S.S.R., and their relations with 
gravity anomolies of the region, and concludes that the diversion of the 
river to the east is due to the emplacement of salt domes. 

Vol. 13 Page 150 

Kosyzin, Yu A. 

(1) The Mechanism of the Salt-Dome Formation: Soc. Nat. Moscow B. t. 50, 
See. Geol. 5 20 (5-6) pp. 3-29 (Russ. Engl. summ.) 1945. 

Low specific gravity, compaction, and plasticity of rock salt are its 
principal properties of tectonic significance the formation of salt dome 
is due to tangential pressure. 

(2) Tectonics of salt uplifts in the Dnieper-Dometz depression: Soc. Nat. Mos- 
cow. B. t. 5, Soc. Geol. t 21 (3) pp. 39-64 (Russ. Engl. summ.) 1946. 

The salt domes were formed on a basement of Hereynion (late Paleo- 
zoic) folds and maintained the strike of these folds during uplift in the 
upper cretaceous and lower Tertiary. 

(3) Moscow Soc. Nat. B.V. 53, Geol. Soc. V. 23, No. 2 pp. 63-66. 1948. 

Some fundamental features of salt dome distribution in the southern 
Emba region, U.S.S.R., The salt domes are located along the margin 
of the Baiehuma depression. The position and orientation of salt domes 
in the western Kazak uplift region are frequently determined by the 
mechanies of subsidence in the Caspian geosyncline. 

Mohrinsky, V. V. Page 188 
A Scheme of Inder-dome formation in Western Kazakhstan. 
Intern. Geol. Cong. 17th, U.S.S.R., Rept. V. 2, pp. 641-644, 1 fig. 1939 

Intrusion of salt domes in the Inder region, U.S.S.R., began in the upper 
Permian and continued into the post-Pliocene. Lower Permian salt beds 
were displaced and localized into dome-shaped uplifts. 

Vol. 12 Page 68 
Dzens—Litovsky, A. I. 
Soc. Russe Miner. Mem. V. 69, No. 4, pp. 549-571. 1940. 

Describes karst phenomena associated with the Iletsk salt dome, Cren- 
burg district, U.S.S.R. 
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Vol. 10 Page 89 
Mozharovsky, B.A. 


Saratov, Univ., Geol. Inst. Tr. V. 1, No. 1, pp. 9-18 (Russ., Engl. Summ.) 1936 

The Ural—Emba region, Russia, is a sloping uplift cut through by several 

salt domes and flanked on the west by the depression of the Volga-Ural 

steppes. The salt domes are the centers of development of highly mineralized 

waters, and the areas of tectonic depression are probably zones of accumula- 
tion of fresh or weakly mineralized artesin waters. 

Shinayapin, P.A. Page 118 

Saratov Univ., Genl. Inst. Tr. V. 1, No. 1, pp. 28-49 (Russ., Engi. Summ) 3 
figs. 1936. 

An account of the strategraphy (lower Permian to Pliocene) and tectonics 
of the Ozinki area in the Saratov district, Russia. Several salt domes 
occur in the area, The tectonic activity associated with their formation 
ceased during the Pliocene. 

Vol. 9 Page 91 

Fatiadi, E. E. 

Eastern Oil, Moscow, V. 2, No. 9, pp. 21-26, 1940 

New structural data based on study of gravity anomolies in the Volga- 

Emba oil and gas district, Russia. The district is located in the Caspian 

Sea depression in which many salt domes occur. 

Mozharovsky, B. A. Page 204 

Saratov, Chernyshevsky, State Univ. Inst. Geol., Tr. t. 2, vyp. 2-3, pp. 3-20 
(Russ. Fr. summ. pp. 18-20), 1938 

The northeastern part of the Saratov region, Russia, is composed of 
salt domes, probably of Jurassic age. 

Shindyapin, P. A. Page 268 

Saratov, Chernyshevsky State Univ. 

Inst. Geol. Tr. t. 2, vyp. 2-3—pp. 21-33 (Russ., Fr. Summ) 1938 

Describes the salt domes of the Ural River region, Russia. 

Voitesti, I. P., 1926, Geology of the salt domes in the Carpathian region of 
Rumania: In geology of salt dome oil fields, R. C. Moore, Editor, Amer. Assoc. 
Petroleum Geologists, pp. 87-121. 

Contains map showing rock salt masses. 
Representative Van Zanpt. Did I understand you to say a review 
of the literature would reveal a lot of cavities behind the Iron Curtain? 
Mr. Mrape. It revealed a lot of references to them. Not cavities; 
salt domes. How many there are | don’t know. I have not tried 
to go through the literature that we picked up and my knowledge of 

Russian geography is so limited that I don’t know where they are. 
Representative VAN ZANpT. From your statement you convinced 

me it is really possible to do some cheating when using these salt 

domes. If Russia has them, there may be some cheating going on. 
Mr. Megane. I think it is a well known fact that they have a lot of 
salt. 
Representative Hosmer. It is said that in Siberia they have salt 
mines, 

Mr. Means. The salt mines of Siberia are legendary. 

Mr. Ramey. Do you think it is possible to pick up evidence of 
pumping the brine out from such a hole that was made in the gulf? 

Mr. Meape. It would depend on what efforts were made to dispose 
ofthe brine. In producing a salt cavity we do not leave any traces of 
our brine. There are various governmental agencies that don’t like 
brine dumped loosely in the rivers. We usually use disposal wells. 

We drill a well down to another formation which has salt water in it 

ind inject the brine into that. A lot of the gulf coast cavities have 

the brine dumped into the Gulf of Mexico. You ask is it possible to 
detect it. It probably would be if you instrumented and searched 
for it. However, it apparently has not upset the equilibrium of the 
gulf enough so that anybody has noticed it so far. You must also 
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remember that a lot of brine is produced with oil. That brine, too, 
is dumped into the ocean. 

Representative Ho.irretp. At this point I have an article on 
nuclear test detection that appears in the March issue of Nuclear 
Information. This is a group of St. Louis scientists and citizens. 
It has been sent to Congressman Price, who represents that area, I 
guess, and also a copy is sent to me. It appears to be a technical 
article on the difficulties in digging a hole. The writer apparently is 
not aware of this type of mining. But at Congressman Price’s 
request, unless there is objection, we will include it in the proper 
place in the record. (See attachment 4, p. 426.) 

Representative Hosmer. Mr. Chairman, I would request that the 
matter be laid over for the present time. 

Representative Ho.iFiep. It will be laid over. Would you have 
any comment on that? 

Mr. Means. I reviewed it very briefly. It was handed to me 
yesterday. I am not acquainted with the writer and I do not know 
what experience he has had in constructing cavities in salt, as he 
suggests. It looks to me like it might be done that way but it is the 
hard way to do it. Since he suggests this method, it would seem to 
me that he is not at all familiar with the solution mining practice in 
common use in the chemical and oil industries. I don’t think you 
would have the difficulty that he forecasts in disposing the brine in 
the gulf. 

For instance, it seems to me that is the easiest place in the world to 
go ahead and build a cavity without detection. You would move in 
the bayou country of southern Louisiana on a salt dome that didn’t 
have any oil and sulfur. You would set up a drilling rig that for all 
the world is an oil drilling rig. People know there are lots of oil wells 
in that country. After having completed it the rig is taken down, you 
have left there some pumps and other things that are often associated 
with oil wells. You might lay a pipe out into the gulf for several 
miles and lay the brine down on the bottom of the gulf, 50 or 60 feet 
below the surface. Due to the fact that it has a specific gravity of 
about 1.2 as contrasted to slightly over 1 for sea water, which is 
roughly one-tenth as saline, it would tend to stratify and lay on the 
bottom of the gulf in my estimation. We know of cases in coastal 
rivers which are tidal where the top layer may be eight or ten thousand 

parts per million of salt and the bottom will be up to 25,000 parts per 
million of salt, which is sea water. 

Representative Hotirietp. Thank you very much, Dr. Meade. 

(The full statement of Dr. Meade follows:) 


A REPORT ON THE FEASIBILITY OF CONSTRUCTING LARGE UNDERGROUND 
CAVITIES 


(By L. P. Meade) 


The principal purpose of my discussion is to provide information on the feasi- 
bility of constructing large underground cavities. Such cavities might be con- 
structed in various formations by well known conventional hard-rock mining 
methods. However, such a cavity would be very costly and would take quite 4 
few years to build. It is also believed that many formidable difficulties would be 
experienced in such an undertaking. A large cavity might also be constructed in 
a salt formation by solution mining or leaching methods. While these techniques 
may not be as well known, they are simple and economical. A cavity constructed 
by these methods is estimated to cost only about one-tenth as much as one mined 
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in hard rock. Ishall therefore restrict my remarks to the creation of large cavities 
in salt by solution mining techniques. 

About 250 underground cavities have been constructed in salt in the United 
States for the storage of petroleum products—mostly liquified petroleum gas. A 
list of these cavities is given in the September 28, 1959, issue of the Oil and Gas 
Journal. Many more cavities have been formed by salt and chemical companies 
for the production of brine. For the most part, underground cavities have been 
formed by the solution mining method, because of much lower cost and simplicity 
of this method over conventional mining. 

There are two types of salt formations in which cavities have been formed. 
These are sedimentary beds on the one hand and salt domes on the other hand. 
Salt domes are to be preferred because they are purer, more homogeneous and 
thicker than sedimentary beds. There are more than 200 salt domes in the gulf 
coast region of the United States from the Mexican border to western Alabama. 
These domes range in size from one half to 7 miles in diameter (0.8 to 11 kilometers) 
with an average of from 1 to 2 miles (1.6 to 3.2 kilometers). The average depth 
to the top of the salt is from 500 to 1,000 feet (150 to 300 meters). The average 
thickness of the salt is over 10,000 feet (3 kilometers) and in many cases is known 
to be as deep as 30,000 feet (9 kilometers). A map and listing of these salt domes 
is given in the August 11, 1952, issue of the Oil and Gas Journal. It is a well- 
known fact that similar salt domes exist in other parts of the world. A survey of 
the literature reveals references to a large number of areas in the Soviet Union 
where salt domes exist. 

The cavities which have been constructed for petroleum storage range in size 
from 25,000 barrels or 140,000 cubic feet (4,000 cubic meters) to 1 million barrels 
or 5,600,000 cubie feet (160,000 cubic meters). Much larger cavities have been 
created by chemical companies for the production of salt. One such cavity in 
the Bryan Mound near Freeport, Tex., is located between the depths of 3,000 and 
3,500 feet (915 and 1,065 meters) below the surface and has a maximum diameter 
of 500 feet (150 meters). 

Phillips Petroleum Co. has constructed some 20 cavities in salt, 3 of which 
are in the Clemons Dome near Freeport, Tex. A fourth is now under construc- 
tion in this dome. The largest is located between the depths of 1,910 and 2,260 
feet (580 and 690) meters below the surface, is roughly cylindrical in shape, with 
amaximum diameter of 235 feet (73 meters). It has a volume of 1 million barrels 
or 5,600,000 cubic feet (160,000 cubic meters). The deepest cavity is located 
between the depths of 2,840 and 3,110 feet (865 and 950 meters) below the sur- 
face, is also roughly cylindrical in shape, with a maximum diameter of 150 feet 
(46 meters,. It hus a volume of 250,UUU barrels or 1,400,000 cubic feet (40,000 
cubic meters). These cavities were purposely made the shape and size indicated. 
It is easy to make them of other shapes and sizes by use of the same methods of 
construction. The size can be increased by leaching over a longer period of time 
or at a higher rate or both. The shape can be controlled by a technique involving 
the use of a hydrocarbon blanket for roof control and the point at which the 
leaching water is injected and the direction of circulation—whether from the top 
down or the bottom up. Repeated sonic surveys would be made as construction 
progressed to make sure that the cavity would be the actual shape desired. 

In order to give you some idea as to the cost and time required for constructing 
such a cavity let us assume one of 13 million barrels or 73 million cubic feet 
(2.1 < 108 cubic meters) volume located 2,500 feet (760 meters) below the surface in 
asalt dome. This cavity would be about 516 feet (157 meters) in diameters if it 
were spherical. On the basis of criteria given, this size cavity would decouple the 
seismic signal of a 30-kiloton explosion. Cost of constructing and time for con- 
struction are closely interrelated. For this reason I will consider two cases, first 
that cost of construction is of considerable importance and is to be minimized, 
and second that time of construction is of paramount importance and is to be 
minimized. 

For the first case, that of minimum cost, a single hole would be drilled and 
cased as shown by figure | (p.140). A surface conductor 36 inches (91 centimeters) 
in diameter would first be set to a depth of about 100 feet (30 meters) and cemented 
to the surface. A hole would then be drilled into the caprock and a 30-inch (76 
centimeters) surface casing would be cemented to the surface. Conv -ntional 
oilfield cementing techniques would be employed. This casing is necessary to 
protect the water-bearing formations and to assure success in drilling through 
the caprock and on into the salt. The caprock is often porous making it impos- 
sible to maintain circulation of drilling mud which is necessary for the stabiliza- 
tion of the hole in unconsolidated formations above. The hole would then be 

55625—60—pt. 1——_11 
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drilled on into the salt dome to the desired depth of 2,500 feet (760 meters) to 
the top of the cavity and a 22-inch (56 centimeter) casing cemented to the surface. 
The hole would then be drilled to its total depth of 3,400 feet (1,040 meters). 
A 16-inch (40 centimeter) diameter ‘“‘protective’’ casing would be suspended to 
a depth of approximately 3,016 feet (920 meters) and a 10%-inch (27 centimeter) 
wash string suspended to a depth of 3,400 feet (1,040 meters). 

The washing operation would be started with the creation of a small space for 
the hydrocarbon blanket used for roof shape control. See figure 2 (p. 142). This 
would be done by pumping fresh water down the casing annulus and up the wash 
string. After this space is formed a light oil such as burning oil or kerosene 
would be injected into the casing annulus until returns were obtained in the 
protective string annulus. As long as hydrocarbon is maintained at this level 
leaching cannot take place above it. Circulation would then be established with 
fresh water going down the wash string and brine returned up through the pro- 
tective string annulus. This would be continued long enough to create a bell 
hole of sufficient size to contain the 10 percent or so of insoluble anhydrite that 
would be released from the salt during the entire cavity washing operation. 

As soon as the anhydrite space has been formed, the wash string and protective 
strings would be pulled to a point above the top of the cavity and the actual shape 
determined by a sonic survey. As shown in figure 3 (p. 143), the wash string 
would then be re-set approximately 500 feet (150 meters) below the top of the 
cavity and the protective string 100 feet (30 meters) below the top of the cavity. 
The hydrocarbon blanket would be spotted near the top of the cavity. Washing 
would be resumed with fresh water being injected down the annulus of the pro- 
tective string and brine being returned up the wash string as shown in figure 3, 
Since the fresh water is lighter than brine, it would tend to spread out on the 
upper portion and dissolve salt from the top of the cavity. Additional hydro- 
carbon blanket would be injected from time to time to control the shape of the 
roof. After the top portion of the cavity has been formed the wash string would 
be pulled and a sonic survey run to check on the shape and size. The wash string 
would then be reinstalled and washing would be resumed with the fresh water 
being injected down the wash string and the brine removed up through the pro- 
tective string annulus as shown in figure 4 (p. 145). With this system of washing, 
salt would be removed at a fairly uniform and rapid rate throughout the height 
of the cavity. Hydrocarbon would be added to the roof control blanket from 
time to time to maintain the desired shape. Sonie surveys would be run at inter- 
vals to check on the size and shape so that corrective steps could be taken when 
necessary. 

With the strings of casing shown for this case a maximum circulation rate of 
approximately 5,000 gallons per minute (315 liters per second), could be achieved 
with a power requirement of about 4,200 horsepower. It is estimated that 33 
months would be required to drill and case the well and wash the cavern to 13 mil- 
lion barrels or 73 million cubic feet (2.1 x 10 ® cubic meters). 

Following completion of washing it would be necessary to empty the cavity of 
brine. This would be done by removing the hydrocarbon blanket by displacing 
it with brine and then pulling the 16-inch (41 centimeters) and 10%4-inch (27 centi- 
meters) casing and installing a submerged motor electric pump through the 22- 
inch (56 centimeters) casing. This pump would have a 1,200 horsepower motor 
and be suspended on a 10%4-inch (27 centimeters) tubing through which it would 
deliver 900 gallons per minute (57 liters per second) to the surface. At this rate 
it would take 14 months to empty the cavity. 

The time required for drilling and casing the hole and washing the cavity to 
13 million barrels or 73 million cubie feet (2.1 x 10° cubic meters) and to empty 
it of brine is estimated to be 48 months for this minimum investment case. he 
cost is estimated to be $2,580,000 exclusive of cost of site, site preparation, fresh 
water supply, utilities and brine disposal facilities. These items will depend a 
lot upon location, but might run in the order of $500,000 to $1 million. A more 
detailed estimate of cost and time required for construction is given in table I 
(p. 146). 

For the second case, that of minimum construction time, a similar technique 
would be used, the basic difference being that a number of holes would be drilled 
and cased concurrently. Let us assume for this case that four holes for washing 
are drilled on a 50 foot (15 meter) circle and that one hole of the same size is drilled 
in the center for shape control. This center hole would be used for injection of 
the hydrocarbon blanket and for running a continuous sonic survey on shape. 
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The four wash holes would no longer need protective strings which would make it 
possible to increase the wash string to 13% inches (34 centimeters). With this 
arrangement a circulation rate of 48,000 gallons per minute (3,030 liters per second) 
could be obtained which would require about 38,400 horsepower. The cavity 
would then be emptied with five of the pumps previously mentioned—one in 
each hole. The time required for drilling and casing the hole and washing the 
cavity to 13 million barrels or 73 million cubie feet (2.1 10° cubie meters) and 
to empty it of brine is estimated to be 16 months for this minimum time ease. 
The cost is estimated to be $11,125,000 again exclusive of site, site preparation, 
fresh water supply, utilities and brine disposal facilities. A more detailed estimate 
of cost and time required for construction is given in table II (p. 147). 

It must be realized that such a cavity could be constructed at a slightly lower 
cost than is given for case I by extending the time some more, and that the time 
for construction for case LI could be reduced slightly by the expenditure of a 
considerably higher sum of money. 

The 13 million barrels or 73 million cubic feet (2.1 10° cubie meters) cavity 
which I have been discussing is only slightly larger than some of those which we 
know have been formed by chemical companies. The construction of consider- 
ably larger cavities using the same techniques is believed entirely feasible. For 
instance, a cavity of about 40 million barrels or 225 million cubic feet (6.4 10° 
cubic meters) would be about 750 feet (230 meters) in diameter. On the basis 
of criteria given, this cavity would be of sufficient size to decouple a nuclear 
explosion of up to 90 kilotons or so. It could be constructed and dewatered with 
five wash holes as described in case II in approximately 28 months at an estimated 
cost of $13,505,000. A more detailed estimate of cost and time required for 
construction is given in table III (p. 148). 

While there are many conventionally mined openings in salt formations at 
various depths that are at atmospheric pressure, almost all of the solution mined 
savities have been maintained full of brine or hydrocarbon. This has been done 
to simplify operation. It is believed that cavities located in salt at a depth 
between 2,500 and 3,250 feet (760 and 990 meters) will have an initial closure in 
the range of 5 to 10 percent. The rate will be greatest at the beginning, however, 
and decrease with time. This problem has been evaluated and is discussed in 
detail in ‘‘An Evaluation of the Factors Influencing the Stability of a Large 
Underground Cavity’’ by Prof. Don. U. Deere of the University of Illinois. This 
investigation was made for the AEC in October of 1959. 

In conclusion it can be said that cavities of the size that would decouple nuclear 
explosions up to 20 to 30 kilotons have been built and that it would be easy to 
construct cavities several times larger using the same techniques. These tech- 
niques are well known in the chemical and oil industries, and have been widely 
publicized. Large cavities could easily be constructed at a reasonable cost 
anywhere in the world that large deposits of salt are found. 


Representative HouirreLp. Our next witness is Dr. Edward Teller. 
He will testify on additional techniques of decoupling. Following Dr. 
Teller, Dr. Hans Bethé, a consultant to the President’s Scientific 
Committee, will discuss the decoupling theory and other aspects of 
concealment. Dr. Teller, we are happy to have you before us again. 
You may proceed to make such statement as you wish. 
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STATEMENT OF DR. EDWARD TELLER,' LAWRENCE RADIATION 
LABORATORY, LIVERMORE, CALIF. 


Dr. Te.tter. Mr. Chairman, gentlemen, it is a very great pleasure 
to be here with you. 

You have heard that due to the excellent and ingenious work of 
Dr. Albert Latter we now have a reliable method which has been 
since tested by experiment and which can give a decoupling by a 
factor of 300 as compared to the standard Rainier coupling which had 
formed the basis of earlier discussions. This factor of 300 is greatly 
in excess of any improvements which had been suggested and which it 
will take a long time to carry into practice. 

Dr. Latter has also emphasized that this decoupling by a factor of 
300 is not necessarily the strongest decoupling which could be accom- 
plished. It is merely the simplest kind of decoupling, that kind of 
decoupling for which a purely theoretical estimate could be carried 
out and about which everybody is in full agreement. 

There are other possible procedures of decoupling, all of them based 
in one way or another on the presence of some sort of cavity. There- 
fore, the testimony which you have just heard from Mr. Meade con- 
tinues to be relevant for the things that I am saying. 

What causes the earth movement which seismographs detect ata 
great distance is the pressure pulse which arises in the volume of the 
cavity. The cavity may have been there originally or it may have 
been produced by the nuclear explosion itself. 

There is an extremely simple relation, simple and not quite correct, 
but for a point of reference I will quote it. You take the pressure in 
this cavity and multiply it with the volume of the cavity and you get 
roughly the energy released by the nuclear explosive. Now it is not 
the energy really ‘which causes the earth’s motion, but the pressure 
which is related to the earth’s motion. There are other things that 
energy can do apart from causing pressure in a gas. Energy can also 
evaporate substances that one has put into that cavity. Energy can 
also heat substances without evaporating them. There exists a sug- 
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gestion, a very old one which several of us made from time to time 
and on which some crude calculations are in progress. This suggestion 
is that we put into the cavity some substance which can be evapo- 
rated and in so evaporating will use up some of the energy. Thus a 
smaller fraction of the energy will be left over to make pressure and 
thereby to move the walls of the cavity. 

The latest proposal is to evaporate a substance which is rather hard 
to evaporate; namely graphite. It is entirely likely, although not 
proven, that by this means the decoupling factor can be increased 
from the factor 300 to a factor 1,000 or 3,000, or conceivably more. 

Furthermore, this absorption of energy into evaporating substances 
also makes it possible to use smaller cavities. It will reduce the 
critical size of the cavity at which the cavity is big enough. There- 
fore, we can get more decoupling without excessive expense. Instead 
of evaporating the substances we may merely heat them and possibly 
melt them. If one has the cavity filled with some sort of iron filings, 
one could lead the energy into the iron. The energy which is absorbed 
in heating on melting this iron will not appear as pressure. One has 
to see how quickly the heating can be accomplished and how long the 
pressure will persist before the iron takes up the excess heat. What 
really causes the earth’s motion is not just the pressure but the pres- 
sure times the time during which this pressure has been acting. This 
is again only an approximation, but by letting the pressure act only 
for a short time and then dumping it into some heat sink one again 
can reduce the size of the signal. 

All of this is hard to calculate and I cannot tell you here that thereby 
it will be possible to increase the decoupling factor threefold or tenfold 
or more. I suspect so, and I think the only reliable procedure is to 
find out by experiment. Unfortunately, in this case nuclear experi- 
ments are greatly preferable to high-explosive experiments. The 
best heat absorbing substances seem to be those which need the highest 
temperatures and which will not be evaporated by high explosives. 
Also when you try to use iron filings as an energy sink, the problem is 
to get the energy from the explosive to the metal, to the heat sink. 
This can be accomplished in the case of nuclear explosives more expe- 
ditiously than it can be accomplished in the case of high explosives. 
Therefore, to see whether these future improvements in decoupling 
will or will not work, nuclear experimentation will be necessary. 

This does not exhaust by any means the list of possible methods of 
concealment. It does not even exhaust the more limited list of meth- 
ods of which I know or of which I hear. There is the possibility of 
multiple explosions which are not aimed at decreasing the strength 
of the earth’s shock, but which are aimed at changing the characteristic 
shape of the earth’s movement, so that it should be more easily con- 
fused with genuine earthquakes. Or one can so arrange the explosions 
that it will be more difficult to locate the nuclear explosion. 

By placing several nuclear explosives around a central point and 
then detonating them simultaneously, one obtains a shorter travel 
time from each to the periphery The result will be that the explosion 
seems to come from the center but the signal has arrived in a shorter 
time than expected. Earthquake waves are faster when they are 
moving in the lower layers of the earth and therefore this arrangement 
might give the impression that the explosions happened deeper down. 
We always have agreed that an explosion that appears to happen at 
a greater depth than 10 or 20 miles is not likely to be manmade. 





160 NUCLEAR WEAPONS TEST BAN CONTROLS 


You have heard that nuclear explosions, and generally explosions, 
are apt to give an earth movement outward as the first phase. This 
prs is then followed by an inward movement, the inward movement 
eing quite a bit stronger than the first outward movement has been. 

ne can precede a decoupled nuclear explosion with a much smaller 
explosion, decoupled or undecoupled, in such a way that this much 
smaller explosion will make a positive outward-going signal which is 
too small to detect. But its bigger inward-going signal. can coincide 
with the outward-going signal of the nuclear explosive and compensate 
it or overcompensate it. ‘Tn this w ay it can wipe out the characteristic 

signature of a nuclear explosion. It is therefore by no means clear 
whether or not nuclear explosions can be identified as such even if 
lots more work is done on the subject and even if we have a very 
closely spaced net. 

I certainly believe that more research on detection is necessary. 
We should push ahead this wonderful science of seismology. Had we 
known more about it we would have made fewer mistakes in the past 

months. Seismology is a great science in which further improvements 
are possible but because a lot has already been done in seismology 
further improvements may not come very easily. The study of under- 
ground nuclear explosions is a much more recent technical subject. 
This is the reason and not our ingenuity which has made it possible 
to find out more about the behavior of nuclear explosions and in par- 
ticular about the possibilities of decoupling than it has been possible 
to find out about better seismological methods. 

My hunch is that further developments may continue to go in the 
direction that we shall learn even more about concealment and that 
it will be quite difficult for methods of detection to catch up with 
methods of concealment. 

I should, however, like to make one point quite explicitly. If vou 
want to be optimistic, and if you want to believe that methods of 
detection can be worked out so that tests can be really controlled and 
checked and policed, | dare not say that this is impossible. Very few 
things in science are impossible. But 1 daresay that we shall have 
to improve presently available methods very manifold, and this will 
take a lot of money and it will take a lot of time. I do not believe 
that there is any great likelihood that in 2 years from now, or even 
in 4.or 5 vears from now, there will be a really foolproof method of 
checking underground explosions down to, let us say, 1 kiloton. If 
we should be successful in this very different enterprise, it will take a 
time of many years and an amount of money ef very many millions 
of dollars. 

Now I would like to conclude with a very brief word about space 
testing. I am convinced from studies which have been pursued that 
space “testing is entirely feasible. It is more expensive than under- 
ground testing, but not necessarily more expensive than the kind of 

test operations which we performed in the Pacific. Because of the 
great number of caeniteaitis which we had to take, these tests ran 
into many millions of dollars. Space testing could be extremely im- 
portant when we try to test big explosions. The fact that you perform 
tests in a vacuum gives rise to some difficulties but can also give rise 
to some advantages. There is no doubt that in space testing the 
lifting power of rockets is a very essential point, and the Russians 
clearly are ahead of us in the lifting power of rockets. 
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I would like, however, to end here with a word of caution. I whole- 
heartedly agree with the possibilities of space testing that have been 
laid before this committee. I agree with the possibilities of observa- 
tions of space testing, and with the possibilities of evasion of these 
observations which Dr. Panofsky and Dr. Richard Latter explained 
to you in great detail. 

With all of that I agree. They have done work which is outstand- 
ing and which is done as well as it could be done. But such work 
cannot be done satisfactorily. Today we know as much about space 
testing as we had known about underground testing before 1957 when 
the first underground shot was fired. Since that time we have made 
many pitfalls, we have corrected some of our errors, and we have a 
little perspective how much more can be learned by experimentation 

I think if we talk seriously and conscientiously about policed dis- 
armament then a great deal of experimentation, underground and in 
space remains to be performed before a decent technical judgment 
can be delivered. 

Representative Hotirietp. Thank you, Dr. Teller. 

Are there any questions? 

Representative VAN ZaANnpT. Doctor, as I recall it you were in favor 
of underground testing years and years ago. 

Dr. Tre.uerR. This is correct. 

Representative Van Zanpt. Had we followed your advice we would 
not have this problem of contamination which concerns the world. 

Dr. Te.tier. We have advocated underground testing for a number 
of reasons. One of them was getting away from contamination. 
One of them was easier test procedures. One of them was and is 
that underground testing opens a door into peaceful applications. 
And one very strong reason was the increase in our technical knowledge 
that comes from performing a new experiment in a new medium. 

Representative Van Zanpr. Doctor, I took the time to read your 
testimony before the Humphrey subcommittee back in 1958. There 
are just a few questions I would like to ask you about your statement. 

At that time you mentioned that large uncertainties in test detec- 
tion imbalanced detection knowledge in favor of detection and little 
information on cheating. Is that your position today? 

Dr. Texier. I am afraid I am a conservative. I did not find it 
possible and I am stupid enough not to have found it necessary to 
change my point of view. 

Representative Van Zanpt. You have made yourself clear since 
1950 on several times that we can detect large tests but not small 
ones. 

Dr. Te_Lter. We can detect very large tests underground if they 
are not hidden, and very large tests indeed even if they are hidden. 
In space with our present setup we can detect nothing. The Russians 
may be testing in space at any size right now. 

epresentative Van ZAnpT. At that time you said there are many 

other ways to hide tests. I imagine you had reference to underground. 

Dr. Texter. I meant underground hiding and I meant hiding in 
space. At that time we had been discussing the big hole theory but we 
did not have the correct answers. The correct answers were given 
by the ingenious work of Dr. Albert Latter, who should get very full 
credit for that. We have, however, discussed these questions at that 
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time and we have also discussed space testing. All this was secret at 
that time and was therefore not included in my testimony. 

Representative VAN ZAnpt. Doctor, do you feel that since this 
moratorium went into effect of stopping all tests that we as a Nation 
may have lost some of our nuclear advantage? 

Dr. Teter. If you want to assume that the Russians have used 
the opportunity of clandestine testing, we may have in that period 
lost much or all of our advantage if we had it in the beginning. | 
think it is likely that as of 1958 we were ahead of the Russians. But 
I also believe that our knowledge on the point who is ahead of whom 
is fragmentary, and I would not be sure about that point. But about 
this 1 am sure; if the Russians have used the intervening interval for 
continued testing during the time that our hands were and still are 
tied, they could have made very great progress. In every 2-year 
period in the past the Russians had made great progress and I don’t 
see why in the last 2-year period they should not have done likewise. 

Representative Van ZANpr. Would this apply specially in the field 
of small nuclear weapons? 

Dr. TELLER. This could apply more easily to the field of small 
nuclear weapons than to anything else because explosions of small 
nuclear weapons can be hidden without any trouble whatsoever. 

Representative HourrieLp. If the gentleman will yield, as far as 
the record shows, however, we must make it clear that we have no 
information that the Russians have utilized this period for testing, 
is that not true? 

Dr. Tevuer. As far as I know we have no information whatsoever 
that they have or have not utilized this period. We know definitely 
that, had they tested, there would be no technical means by which we 
could have picked it up. We could have picked it up only by intelli- 
gence. We know also that our intelligence has failed to warn us in 
1949 of the impending first Russian nuclear shot. Whether ou 
intelligence has improved in the meantime sufficiently so that absence 
of information from intelligence can give us reassurance that now the 
Russians are indeed not testing, about this I have no special knowledge. 

Representative VAN ZANpT. In other words, you are not making 
the charge that Russia has cheated? 

Dr. Tewuer. I certainly do not. I only said if they had elected to 
cheat they could have done it. I think that every one of you gentle- 
men is in a much better position to evaluate the probabilities whether 
or not Russia is likely to cheat when undetected. 

Representative VAN Zanpt. If they had cheated they could have 
destroyed the advantage that we as a nation enjoyed, especially in the 
development of the small nuclear weapon. 

Dr. Treuuer. This is entirely possible. 

Representative VAN ZanpT. That is all, Mr. Chairman. 

Representative Hotir1eLp. Mr. Hosmer. 

Representative Hosmer. Dr. Teller, disregarding the minimizing 
techniques of decoupling and the various other techniques you men- 
tioned, with equipment for detection that could now be put together, 
what is the minimum size underground explosion that could be detected 
with certainty? 

I am not talking about the 180 station system that has been talked 
a at Geneva. I am talking about devices that are better that 
that. 
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Dr. Teter. I really cannot tell. This is an extremely difficult 
problem and I will try my best to answer in order to make it quite 
clear that I am not evading the question. We have been worrying 
about that question a great deal. Ido not want to be taken ser iously 
on this point. The most obvious improvement would be to put in a 
very great number of satellite stations. I think that even though this 
is expensive, if it is politically feasible I would be strongly for it. 
Obviously if one makes the net fine enough one could detect very 
small explosions indeed. For instance, the network that has been 
recommended of 250 miles distance, could detect according to the 
evaluation of Dr. Richard Latter, as you have heard, 18 tons. That 
is only a crude estimate. Eighteen tons of undecoupled, of fully 
coupled explosion, which would mean more than 5 kilotons if it is 
decoupled. If further methods of decoupling are developed, then even 
this narrow net might fail to pick up anything under 20 kilotons. 

However, when we try to talk about this very narrowly spaced net, 
we are talking about many thousands of events, among which we have 
to pick out the suspicious ones. We know little about the signatures, 
the characteristic natures of earthquakes and how they differ from the 
characteristic signatures of explosions. When you go into the char- 
acteristic signatures of these very small earthquakes there might be 
even more confusion. Furthermore, there is a possibility of distorting 
the signature as I have mentioned to you. 

The method that can be pursued, but which takes a lot of work, a 
lot of money, a lot of inspection—thousands of inspections, would be 
a very fine net. 

Beyond that you have all the wonderful proposals of the Berkner 
panel about which you have had competent testimony and I cannot 
improve on it. These are the developments of seismology which 
ought to be pursued. One should go deep underground and see what 
noises you find there. You should find the detailed earth’s motions 
and you should find the characteristics of earthquakes. All these are 
hopeful things. But none of them are likely to pay off in a time 
shorter than a few years. If we wanted to put in such a fine net, 
which I say we can do, even in that case it will take a couple of years 
to put in that net because it is such a big enterprise. I don’t know, 
Mr. Hosmer, whether I was responsive at all. 

Representative Hosmer. I take it when we add minimizing tech- 
niques we confuse the issue. Whatever knowledge we have now just 
cannot give us a meaningful answer. 

Dr. Trevuer. I think the answer must be at present that no matter 
how we proceed with the help of present knowledge we cannot control 
nuclear explosions of the tactical weapon size and perhaps not even 
some experiments which can serve as useful models for bigger explo- 
sions. But certainly we cannot police the tactical nuclear ‘explosions. 
How this will change in coming years—whether, as Senator Jackson 
has asked, even bigger explosions can be hidden in the future or 
whether the methods of detection will win out T cannot say. We 
cannot find out except by trying and we are at the very beginning 
of trying. 

Representative Hosmer. I take it for most of the nuclear powers 
the high-yield technology is better known than the low-yield-tech- 
nology Pand asa consequence if they were cheating it is apt to be in the 
low yield field anyway where the difficulties of detection are greater. 
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Dr. Tetter. I would think this is likely. I should perhaps say 
that in the last years the interests of my associates and my own 
interests have increasingly and in an easily documented fashion 
turned more and more to the lower yield explosions. At the same 
time, I would be quite reluctant to say that we know enough about 
the high yield nuclear explosions. I know of important improvements 
that could be carried out in that field, too. 

Representative Hosmer. I have one other question I would like to 
ask Dr. Teller. That has to do with the 180 station system as you 
understand it to be. We have had a lot of testimony about instru- 
mentation and the obtaining of signals but we have not had anything 
about how anybody is going to communicate out of those 180 stations 
to some central headquarters anything that might be a suspicious 
manifestation. Can you throw any light on the system? 

Dr. TELLER. Sir, this seems to me a question a little bit out of my 
field. It is not really a technical question now but a question of 
human communications. 

Representative Hosmer. We can ask somebody else. (See footnote 
6, p. 12, Summary—Analysis of these hearings.) 

Dr. Tretuer. I would say that on the difficulties or the possibilities 
of honest cooperation with the Russians I feel particularly unqualified 
to comment. I have not even been present at the Geneva discussions 
so I do not have the firsthand experience which quite a few of my 
colleagues have. So I am very reluctantly in the position where | 
feel that it is wiser if I leave this question unanswered. 

Representative Hosmer. Let me ask you this question, from the 
standpoint of the purpose of the control systems, is the importance 
of communication, which is certain, equal to the importance of 
detection which is certain? 

Dr. Teter. I think that the communications problem is extremely 
important. I think that the problem of accessibility is extremely 
important. Even after you have located a suspicious event and you 
send out your people, and even after they are allowed to go there, 
the problem of finding the radioactivity is an exceedingly difficult 
problem. The best way of finding it is probably by intelligence 
methods. Wherever you have intelligence methods, however, you 
also have the possibilities of Russian counterintelligence. How this 
game of intelligence and counterintelligence will influence those 
people who go out on inspection duty, what will be the possibility of 
communicating to us whether that has been a suspicious event, all 
these questions are outside of my technical field. 

Representative Hosmer. Thank you. 

Representative HouirieLp. Senator Gore. 

Senator Gorn. The last response, Doctor, is what prompted my 
question, but I will ask it anyway. 

Are you a seismologist? 

Dr. Tevier. No. 

Representative Houtirie.p. You said a few moments ago that the 
committee had received competent testimony. Were you referring 
to the seismologists who testified in their particular field? 

Dr. Tre.uer. I referred to the seismologists who testified in that 
field. I also referred to Mr. Meade and I referred very particularly 
to Dr. Latter. Seismology is an important and interesting field 
about which some of us have learned a few things. But also our 
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own field, that of nuclear explosions and decoupling of such nuclear 
Seto with earth movement, this also is a field which I would 
call seismology to a certain extent but it is something into which 
seismologists had no occasion to look in the past. Here is a field in 
which very simple physicists like Dr. Latter and Dr. Bethé and Dr. 
Martinelli, many others, and myself, have started out perhaps on an 
equal footing with the seismologists. What will be the effect of a 
nuclear explosion on the immediate neighborhood of the earth’s 
motion? { think you have listened to expert testimony by, for 
instance, Dr. Latter. 

Representative Hoxrrretp. Will you please identify which Dr. 
Latter you are speaking about? 

Dr. Tetuer. I am talking now about Dr. Albert Latter. 

Representative Honirrevp. I asked that question for the record 
because two have testified. 

Dr. Teter. That is right. Even though some of us are not 
seismologists our testimony with respect to decoupling is quite 
relevant because we are pushing into a new field where we can make 
contributions which I hope in the course of time will be incorporated 
into seismology. 

Senator Gore. Thank you, Mr. Chairman. 

Representative HouirieLp. Mr. Durham. 

Representative DurHam. Doctor, we always enjoy your lectures 
and there are many we have heard in the past few years. They are 
always very, very interesting and have sound reasoning. I remember 
the days when you were advocating underground tests a long time 
ago. I have letters in my files from you on this very, very subject. 

Representative Houirievp. If the gentleman will yield, I think the 
record should show that the gentleman from North Carolina, Mr. 
Durham, in early 1958 made public statements advocating the 
underground testing.* 

Representative DurHam. Thank you very much, Mr. Chairman. 

I might say that we are facing pretty soon probably some kind of 
developments in this field in coming to a treaty. Now is it your 
opinion at the present time science has advanced or provided the 
adequate means to identify nuclear tests under present conditions: 

Dr. Tretuer. | think that science has not advanced to that point. 
With respect to this treaty, from the point of view of a technical 
person I would like to make this much of a recommendation. If the 
United States signs a treaty in which there are adequate safeguards 
against cheating, this I think is a clearcut situation with which I 
certainly would feel that as a scientist I ought to agree. If we want 
to sign a treaty in which it is clearly stated that there is no attempt at 
control, or in which it is clearly stated that there is an attempt at 
control but this attempt is and will remain for the next decade in all 
likelihood open to extremely serious doubt, so that actually now and 
for the next decade we will not have policing, if for reasons of politics 
into which I should not and cannot enter, this is deemed to be right, 
as a scientist and as a technical expert again I cannot comment and 
I cannot object to it. But if we enter into a treaty where the pretense 
is made that we can be checking, where the fact that there are really 
great loopholes and possibilities of evasion, where these facts are not 
put Meaite before the American people, then I feel that I must raise 
my voice as a scientist in protest. 


*Remarks by Representative Carl T. Durham, (Then) Chairman of the Joint Committee on Atomic 
Energy, before meeting of the National Association of Manufacturers, New York City, May 21, 1958. 
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Representative DurHam. In other words, you feel that the only 
way to do this is either by manned stations by some human being 
instead of by machines at the present time under present conditions. 

Dr. Tr.uer. | did not mean to say that at all. I think if you have 
a sufficiently close network of very many unmanned stations, properly 
constructed—and I don’t know what properly constructed means but 
I have a little confidence that this might be worked out—under those 
conditions there might be some hope. However, I see enormous 
difficulties along that line, too, because then the number of events 
which would have to be inspected becomes very great. The number 
of events goes into many thousands. I do not see how a sizable 
chance of real detection and identification would arise. 

Prior to the close investigation of this thing, I feel bound to state 
that we have no system. 

Representative Hoxirtetp. Do you advocate a high priority pro- 
gram of research and development in seismological and other elec- 
tronic device field: 

Dr. Teter. I feel that there should be a higher priority program 
in seismology, in methods of detection, and also in methods of evasion. 
Because if you restrict yourself to one, then you are instructing me to 
play chess, but to move the white pieces only. 

Representative Houirreip. Do you believe that program should be 
under the independent control of the United States: 

Dr. Treuuer. I have the feeling that there would be no technical or 
other reason that I can see why such a program should not be under- 
taken jointly with any number of nations who would want to partici- 
pate in it. Many nations have indicated their passionate interest in 
test control. It would seem to me that we well might utilize their 
outstanding scientific talents, whether they be Russians or Germans 
or British or anyone else, to help and cooperate in finding out the 
methods by which detection and evasion is possible. 

Representative Hotirretp. There have been three methods sug- 
gested: Completely independent program in which we would not be 
dependent upon any other nation for funds and for instruction. A 
coordinated program in which we could pursue our own independent 
course and make known to other nations the value of it, and which 
they could also make known to us what they know. Then a joint 
program which would depend upon unanimous agreement and be 
subject to a veto. That is why I asked you the question in the way 
I did. 

Dr. Tevtuer. If you put the alternatives in this way, and you ask 
my opinion which is clearly not just a technical opinion, I would like 
to see as much international cooperation as is possible without ob- 
struction from anybody. 

Representative HoutrieLp. Then you would advocate a coordi- 
nated program? 

Dr. Te.uer. I would think that a coordinated program where we 
do what we want to do, invite everybody to participate in it, tell every- 
body what we find, but do not wait for anybody’s permission to go 
ahead with the program, this would seem to me to make sense. 

Representative HoutrieLp. Do you think the present program of 
research and development in this field is adequate in view of the 
Berkner report and in view of the urgency with which you think it 
should occur? 
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Dr. Trevuer. I believe the Berkner report’s recommendation of $30 
million has been too modest. It has also been much more than we 
have actually spent. 

Representative Houirrevp. I realize that. It is much higher than 
what we are are spending at the present time. 

Dr. Tretuer. I think we have here an issue on which our national 
security may well depend. 1 thik that the support of this program 
is woefully inadequate. 

Representative HoutirieLtp. Then you would advise a stronger re- 
search and development program? 

Dr. TeLLer. Most definitely. 

Representative Hoxurrievp. In this field? 

Dr, Tetter. Most definitely. 

Representative HourFieLp. Mr. Westland. 

Representative WrestLanpb. Dr. Teller, just one question: Suppose 
one nation were to conduct these undetectable tests and the other 
nation did not, what could the results be? 

Dr. Teter. Let me put it this way, Mr. Westland: The develop- 
ment of nuclear weapons has been represented, and I should say mis- 
represented, in the public mind as occurring in big jumps, in big 
breaks. In 1945 we knew how to make an atomic explosion. In the 
early 1950’s we learned how to handle the hydrogen bomb. Every- 
thing else does not matter. 

I think this kind of description is completely wrong. What has in 
fact happened is that each year we have improved our methods by a 
considerable factor which in the course of years had a most impressive 
cumulative effect. We know that the Russians have proceeded with 
a speed certainly not less than ours. If they continue testing and we 
do not continue testing and if the lessons of the recent past mean any- 
thing, then they will overtake us within a very short time. Is this 
responsive to your question, sir? 

Representative WEsTLAND. Yes, that is partially in response, 
Doctor, that they would overtake us in that area. It seems to me 
if one nation were to conduct tests and the other did not, the one 
that did not might very soon be confronted with a situation where 
there would be no defense. 

Dr. Texuer. | think this is the way I see it; yes, sir. 

Representative Houirretp. Mr. Van Zandt. 

Representative VAN Zanpt. Doctor, in 1958 when you were before 
the Humphrey subcommittee, you said this: 

The only way to insure adequate inspection is unfettered entry into Soviet Russia 
with complete freedom to interrogate people, unhindered access wherever needed. 

Are you still of that opinion today? 

Dr. Tevuer. I am very much of that opinion. 

If I may, I would like to add that this thought is not at all one to 
which I lay particular claim. The greatest physicist of our times, 
Niels Bohr, has advocated for many years, that the only really fruit- 
ful way toward any disarmament is the way toward complete openness. 
Once we have accomplished that, then the way toward disarmament 
and toward peace lies open before us. Without it, however, we are 
just inventing one method after another how to fool ourselves. 

Representative Van Zanpt. Mr. Chairman, one more question: 
You also said back in 1958, Doctor, 
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Test detection systems have so far been directed only against tests which no one 
tried to hide. 

Does that hold true today? 

Dr. Teuuer. I feel that I cannot give a very simple answer to that. 
I would say test detection systems today are effective only against 
such tests which no one tries to hide. We are trying to direct them 
now against tests which people try to hide, too. We are trying, but 
so far I don’t see that success is very near. 

Representative Van ZAanpt. Are you sure that we have all available 
information on types of tests that have been tried? 

Dr. Teter. Sir, I am not sure. One could easily say: The world 
is divided into two parts—that is what is above and what is below the 
surface of the earth. This looks like a complete enumeration—surface 
tests, underground tests, space tests. But there may be particular 
tricks. There may be surprises in any of these fields of which we have 
not thought. We tried to think and one very easily can fall into the 
misconception that one did think of all possibilities. I feel that prob- 
ably we did, but I have been fooled so often that I dare not say yes. 

Representative Houirietp. Thank you very much, Dr. Teller. 

Representative Bates. Mr. Chairman, I would like to pursue that 
question a little bit further. In response to Mr. Westland’s question 
concerning the possibilities for the future. From the experience that 
I have had, the risks that we have been taking is in the perfection of 
weapons that we presently have. That is to make them smaller, but 
still have the same amount of power. 

Do you see anything else on the horizon that we should investigate 
and develop besides that type of thing? 

Dr. Te.ier. I would say yes. If you ask me that I should tell you 
in detail what improvements are possible, this, of course we would 
have to do in executive session. I would say, however, that in addi- 
tion to producing the same bang in a smaller size there are clearly 
other possibilities. Clean weapons have been discussed and more flex- 
ible weapons have been discussed. There are possibilities of making 
weapons in such a manner, of making them more adaptable to the 
particular task which they are to perform, so that they do not overkill, 
so they don’t destroy where you don’t intend destruction. If you look 
into the richness of the progress which has been made in the past, I 
certainly do not think that even these things that I have enumerated 
are sufficient. We have to develop weapons which are cheaper and 
which can be more available. All of these things can become impor- 
tant, not when we are talking about all-out warfare and not when we 
are talking about a first strike, but when we are talking about a second 
strike and about the safety of our retaliatory forces and also when we 
are talking about limited nuclear warfare. This is a particularly 
knotty problem about which we have just started to think in real 
detail. 

Representative Houirretp. Thank you, sir. 

Senator Gors. Mr. Chairman. 

Representative HouirreLp. Mr. Gore. 

Senator Gorn. Though I am not a member of the subcommittee, 
you have given me an opportunity to participate, which I appreciate. 
Since I cannot be here tomorrow and further since I made a statement 
yesterday in the hearing with respect to the communique of the Geneva 
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Conference on March 19, I ask permission to make a 4- or 5-minute 
statement here before having to depart. 

Representative Hoxirrep. Proceed. 

Senator Gore. President Eisenhower made a proposal which was 
submitted to the Conference on February 11. I have before me a 
statement of the State Department describing that proposal. I will 
leave it here for all to see. I will read these two sentences. 

We believe the proposal placed before the Conference today if entered into in 
good faith by the parties will lead toward eventual prohibition of nuclear weapons 


tests under the practical and adequate safecuards that we deem as indispensable 
prerequisites. If accepted the proposal will be entered forthwith under assured 


controls. 

I will not take the time to read all of it, but I will leave it here. 
The conditions are adequate inspection, assured controls. The pro- 
posal suggested 20 to 30 inspections in Russia per year. The Russians 
made a counterproposal on the 19th. Now our officials in Geneva and 
in Washington should have been forewarned that this was an effort 
to achieve a propaganda victory, because the Conference which was 
scheduled for Friday the 18th was canceled by the Russians and then 
they called for a meeting on Saturday. This is not the first time they 
have made a play for ‘the Sunday press in the United States and 
around the world. I would like to read three paragraphs from the 
New York Times on Saturday, March 19. The story is dated Friday 
the 18th: 


The Soviet Union is expected to announce tomorrow its readiness to accept a 
limited treaty on the banning of nuclear weapons tests provided that it is coupled 
with a moratorium on tests not formally outlawed by the treaty. 


I am skipping a few paragraphs and then I read as follows: 


Zarobin, the Soviet delegate, asked for the unusual Saturday meeting after he 
agreed earlier to the cancellation of today’s session and the fixing of the next 
meeting for Monday. In addition to breaking into the weekend, Mr. Tzarepkin 
announced that he planned to hold a news conference after the session temorrow. 


So this was clear notice to everyone that here was a major Russian 
propaganda attempt. 

Now I would like to read the official communique which I described 
yesterday and earlier as misleading, and which, incidentally, Mr. 
Philip Farley in a conversation with me acknowledged to be mislead- 
ing, and which another official of high status acknowledged to be mis- 
leading. I would like to read the second and third paragraphs from 
this communique issued jointly by the three delegations: 

The Soviet delegation submitted a proposal to conclude a treaty on the cessa- 


tion of all nuclear w eapons tests including all underground tests producing seismic 
events of magnitude 4.75 or greater embodied in the U.S. proposal on February 11. 


I digress. They did not propose to accept the conditions embodied 
in President Eisenhower's proposal. Yet that is the impression left 
here by this communique, I submit. 

Now I return to read the third paragraph: 


The Soviet Union accepted as well the U.S. proposal on carrying out a program 
of joint research and experiments by the USS. R., United States, and United 
Kingdom, provided all parties to the treaty simultaneously undertaken not to 
conduct during this period any nuclear weapons tests producing seismic events 
of a magnitude of 4.75 or under. 
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I submit that the question of misleading words are these: 

‘“To conclude a treaty’’, second, “‘embodied”’, and third, “accepted 
as well.”’ 

Now what is the result of this communique and Mr. Tsarapkin’s 
conference? I hold here Sunday’s Washington Post. Here is a big 
headline, ‘‘Reds accept Ike’s test plan provided small blasts cease.” 

“The Soviet Union offered today to sign a treaty proposed by Presi- 
dent Eisenhower to ban all big three nuclear tests except low-powered 
explosions underground.” 

I digress. They did not propose to accept the treaty proposed by 
President Eisenhower. The “if” referred to here was not the condition 
of inspection or control. 

The second paragraph: 

The big condition was that the United States and Britain must join the Soviet 
Union in a promise to refrain for an indefinite period from conducting the small 
underground blasts. This would be an honor system arrangement unpoliced. 

What were some of the conditions which Mr. Tsarapkin only not 
refused to accept, but specifically rejected? One was inspection. 
Second was the composition and procedure of the control commission. 
The next was the fixing of a number of inspections. He specifically 
rejected any relationship between physical or scientific events or oc- 
currences of suspicious events and the number of inspections. He 
said that must be a political question and he has not yet agreed to 
accept even one. 

He also insisted that whatever quota may be agreed to, if ever 
agreed to, would apply to the small, below the threshold, suspicious 
events, as well as those above. Now he did not even agree to accept 
the President’s proposal on a research program because the President 
specifically proposed that it would be necessary to use nuclear detona- 
tions. Mr. Tsarapkin specifically specified chemical and chemical only. 

I am convinced after hearing Ambassador Wadsworth that he 
acted with the best intentions. I know he has labored patriotically 
and loyally. It was an unfortunate mistake in the choice of words 
which gave to the Russians a propaganda advantage around the 
world. I asked Ambassador Wadsworth to be careful hereafter, and 
he said he would. 

I thank you, Mr. Chairman. 

Representative HouirreLp. Our next witness will be Dr. Hans 
Bethé. He is one of the top scientists in America. He was a con- 
sultant to the President’s Science Advisory Committee and is at 
the present time. He formerly was a member of the committee. 

Dr. Bethé, you will have all the time you wish and you may testify 
on any point that you wish at this time. 





Awe Sa eet et et OOOO 





| by 
tion 


viet 
mall 


not 
‘ion. 
sion. 
rally 
- Oc- 

He 
d to 


ever 
*10US 
‘cept 
dent 
ona- 
only. 
t he 
cally 
yords 
| the 
, and 


Hans 
con- 
is at 


ostify 









NUCLEAR WEAPONS TEST BAN CONTROLS 171 


STATEMENT OF DR. HANS A. BETHE,' CORNELL UNIVERSITY 


Dr. Bernt. Thank you very much, Mr. Chairman. I want to 
testify on some purely scientific subjects; namely, I agree to a very 
large extent with some of the remarks Dr. Teller has made as to the 
most promising avenue for improving the detection system. 

He said, and I agree, that the one avenue for improvement of the 
detection system which can be foreseen fairly definitely at this time 
is to put in a large number of stations. I wanted to give you a few 
numbers concerning the improvement that could be expected from 
such a closer net of stations. 

You have heard large numbers of decoupling—300. I agree with 
this number of 300, and I made my own calculation to verify this 
number, and I presented the theory to the Russians at the Geneva 
Conference. 

I want to point out that similar numbers could be expected and, in 
fact, are known to exist in the strength of the seismic signal when 
you go to closer spacing. I will write down some numbers on the 
blackboard which are obtained from the measurements made by 
Dr. Romney and his associates in the Hardtack II series. 

I will just write down two numbers; namely, at 1,000 kilometers 
distance, the signal observed from the Blanca explosion which was 
20 kilotons was 5 millimicrons. At 400 kilometers the corresponding 
number was 400 millimicrons. At 200 kilometers the number is 
over 3,000 millimicrons. 

You will see that going from 1,000 kilometers to 200 kilometers you 
get an improvement by a factor of about 600. This is more than the 
decoupling factor. Therefore, 1 want to submit that at least tech- 
nically it is possible to overcome the large factors for decoupling 
which we have learned about. 

Now let me write down the numbers which would be expected 
from a decoupled explosion; and just to stay in the same ball park 
I would like to talk about a 20-kiloton explosion fully decoupled; that 
is, decoupled by the full factor of 300. 

This requires just the size hole which Dr. Meade has talked about 
in his previous testimony. Such an explosion would give-—— 

Representative Hotirietp. Dr. Bethé, would you make it clear 
which size he talked about? He mentioned several different size 
holes. 

Dr. Beru&. This is the hole of 500 feet. You do not need quite 
that size. This size is actually good for 30 kilotons. But 20 kilotons 
is a number which has become standard. It is the nominal bomb. 
The Nagasaki bomb was of this size. It is the size tested in Nevada 
in 1958. 

So I want to stick to 20 kilotons. I realize that the size of the 
hole is a little bit too big for 20 kilotons. 

1 Date of birth: July 2, 1906. Education: University of Frankfurt (Main), Germany, 1924-26; Univer- 
sity of Munich, Germany, 1926-28; received Ph. D. in physics, 1928. Full-time positions: Instructor in 
theoretical physics: University of Frankfort, 1928-29; Stuttgart Institute of Technology, 1929; University 
of Munich, 1929-32; Tubingen University, 1932-33. Lecturer: University of Manchester, England, 1933-34; 
University of Bristol, 1934-35. Assistant professor of physics: Cornell University, Ithaca, N.Y., 1935-37. 
Professor of physics: Cornell University, 1937-. Part-time or temporary positions: Leader of Theoretical 
Division, Los Alamos Scientific Laboratory, Los Alamos, N. Mex., April 1943-January 1946; consultant, Los 
Alamos Scientific Laboratory, since 1947; consultant, Brookhaven National Laboratory, sinee 1947; consult- 
ant, Atomic Power Development Associates, Detroit, Mich., since 1953; member of Committee on Atomic 


Energy, Research and Development Board, Department of Defense, 1951-54; member of Scientific Ad- 
visory Board to the Air Force, 1952-54; member of President’s Science Advisory Committee, 1957-59. 
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Now, for a fully decoupled bomb of 20 kilotons, the numbers which 
you would expect are about 25 at 200 kilometers and about 3 at 400 
kilometers. 

Representative Hortrretp. You are speaking of three stations? 

Dr. Bernt. No. This is three millimicrons of signal. This does not 
mean anything to you. This could not very well mean anything to 
you. I should tell you that the significant thing is the noise which 
you expect at the stations. 

The noise at an average station is about 5 millimicrons when you 
use one seismograph; and when you use 100 seismographs, the noise 
becomes about 0.8 millimicrons. Therefore, you can see that at 200 
kilometers you get a very big signa] (25 millimicrons) compared to 
the noise which is easy to see. 

At 400 you get a signal four times the size of the noise which you 
just about see, but not more. These results are obtained if we use 
the same instruments which we have been using in the past—namely, 
the Benioff seismographs, which have a maximum response at about 
three cycles per second. 

However, when you go after the detecting game, you clearly want 
to do it as best you can. You want to make use of the characteristic 
of the signal which you expect from a decoupled explosion. Such a 
decoupled explosion has the characteristic that its signal is mainly in 
high frequencies. The earth is jiggled for a relatively short time. 
Therefore, the signal which is propagated in the earth will be one that 
starts and very soon dies out and, therefore, has a very short period. 

Therefore, you will have a much better chance of observing a signal 
from a decoupled explosion if you use higher frequency. Now, why 
haven’t we used higher frequencies before? We have not used higher 
frequencies largely because the high frequency short waves are very 
greatly weakened as they travel through the earth. 

It is known in seismology how they are weakened—at least approxi- 
mately—and if you talk about a high frequency signal with a period of 
one-tenth of a second, then it just will not travel to the distances like 
3,000 kilometers at which most of the Geneva stations are located. 

Therefore, the Geneva system has to rely on seismographs of rela- 
tively long periods and of low frequency because the high frequency 
signal will not go very far. But if we could have a system in which the 
stations are closer to the event, then we are free to choose higher 
frequencies which we know are generated in much larger intensity by 
the decoupled explosion. 

If you go to a 10-cycle-per-second detection, then the energy which 
is fed into the signal increases about thirtyfold over that which we 
are recording with our present system, and at the same time—and this 
is very fortunate—on the average, the noise energy—that is, the 
energy of the wiggles which exist anywhere in the earth—decreases as 
we go to higher frequency, at least on the average, and under average 
conditions. 

Representative HotirieLp. Do we have seismographs now that 
will record the high frequency waves? 

Dr. Bernt. There are some such seismographs, but this science is 
in a very early stage. So this is something which requires a good deal 
of research. I think it is not very difficult research, but a good deal of 
research. 

Especially this would be required in order to make sure of the noise. 
What I said was that on the average the noise is very good. These 
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waves of 10 cycles per second are very quiet. But if the wind blows 
hard then the noise becomes rather strong. It is likely that if you dig 
into the earth to some moderate depth—100 feet or a couple hundred 
feet—you will improve the situation greatly. 

But this is something that has to be investigated and where we 
cannot predict the outcome at the present time. If I assume that I 
can use the 10-cycle-per-second and that the noise is of the average 
noise—I am not requiring a particularly quiet station, but just an 
average station—then I can make a system which has the following 
characteristics: 

It will give you a signal 10 times the noise. That is an easily 
recognizable signal, which is obvious to anybody at eight stations 
from a fully decoupled 20-kiloton shot, and this system will require 
that I have a station at every 200 kilometers. 

I think everybody realizes that 200 kilometers is a small spacing. 

Representative HouiFreLp. 120 miles. 

Dr. Beruf. 125. 

Representative Houtrretp. And that compares with what distance 
that is being considered? 

Dr. Berué. In seismic regions the present spacing is 1,000 kilo- 
meters; five times this. 

Representative HoutirreLtp. About 600 miles. 

Dr. Brernué. 600 miles. 

Representative Hotirretp. So in terms of numbers of signals, or 
rather, stations 

Dr. Berné. It would multiply it by about 25. 

Representative HottrreLp. It would go up about 25 times as much. 

Dr. Bernt. About 25 times. I figure this would need about 600 
stations in Russia. 

Representative HoxtrreLp. That is in the Soviet Union? 

Dr. Berué. In the Soviet Union. 

ent are HouiFietp. Against the 20 that has been talked 
about. 

Dr. Betué&. I think 21 is the number at the moment; 600 is a large 
number of stations. Of course, by saying this number, it is clear 
that something has to be done to make this number acceptable. 
This is a political question and no longer a technical question. The 
stations have to be made acceptable both to the Russians and to 
ourselves. 

You have heard from other witnesses and have read in the Berkner 
report that it is proposed to make these stations unmanned and then, 
of course, you have to see to it that they are tamperproof and that 
you cannot easily reverse the polarity in a station. 

Representative Horirietp. Are you confident that this can be 
done? And if so, in what time period? 

Dr. Betuf. I am confident that this can be done. I can only 
make a vague estimate of the time period. I would say 1 to 2 years. 
I would think that by the end of the period which we would need to 
install the big stations, we would probably know about the small 
stations. Maybe a little earlier. 

Representative Hoxirreitp. It would probably take longer than 
that to do the research and development and also the manufacture 
of the number that is needed and to install them. 
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Dr. Bretué. The 1 to 2 years I meant just for the research and 
development. 1 would propose that after one has developed such a 
station, we put in an experimental station somewhere in this country 
and work with it and see how it works and that we then try to fool 
that station; that is, there be special teams delegated to—— 

Representative HouiFieLp. To attempt concealment? 

Dr. Berut. Not concealment, but to attempt destruction of the 
capability of the station; that is, turning around the polarity or 
making noise and so on. 

One would have to learn from such experiments just what one can 
do and what one cannot do against such spoofing. 

Representative Houirietp. Then I would ask you the same 
question I asked Dr. Teller. Do you advocate a high priority 
program of research and development in the seismological field and 
electronic field in order to improve our capability for detection? 

Dr. Berueé. I certainly do. 

Representative Hotirietp. Do you think that should be a program 
under which we would have full control; making known the informa- 
tion to other nations? 

Dr. Berué. I think we should have one program which is entirely 
under our control and where we should make the information available 
to all other nations. We should have a concurrent program in 
which other nations can participate. I know that it is always very 
difficult to make many people pull in the same direction, and for this 
reason I would say that we should have some program which is 
entirely under our control. 

Representative Ho.irreLp. In other words, it would not be subject 
to veto or obstruction by any person or any nation. 

Dr. Berué. That is right. 

Representative Hotirienp. You thmk it should go on a bigh 
priority basis, too? 

Dr. Bernt. Yes, I do. 

Representative Hourrietp. Do you think our present program of 
research and development is adequate in this field? 

Dr. Beru&. No; it is by no means. It has taken a very long time 
since the Berkner report which was issued about a year ago before 
anything was done for implementation of the research program which 
was recommended. 

Representative Hotirietp. You might be interested to know that 
this committee has been trying to push an adequate research and de- 
velopment program. Do you know the number of projects that are 
now being performed in the research and development field? 

Dr. Bera. I am afraid I do not know. 

Representative HoLirietp. Do you know how much money is now 
being spent? 

Dr. Betué. Not even that do I know. It is several million. 

Representative HoLirreLp. We will get some information on that 
point lateron. The Berkner report, as I remember, advocated about 
$30 million a year; did it not? 

Dr. Bernt. Yes. 

Representative Hotirietp. [ understand that the present pro- 
gram is about $814 million a year. 

Dr. Beruf. Yes, I am‘sure you are right. 

Representative HouirieLp. Those figures are subject to correction 
ater. 
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Dr. Berut. Yes. Of course, we must remember that this got 
underway only in the last couple of months. There was not anything 
last fall. 

Representative Ho.irreLp. We are going to find out what has been 
done in this field. We will have later witnesses that will testify as to 
what contracts have been let with what universities, how many 
people were employed in this research and development program, and 
we will try to find out the status of it and also the schedule of planning 
for the next few years. 

Dr. Bernt. Good. 

Representative HotirteLp. As you testified, it has been over a 
year since the Berkner report came out. 

Dr. Bernt. Yes. You may inquire as to the cost of such a net of 
small stations and here I want to repeat what Dr. Romney already 
said before, namely, that the best estimate which has been made so 
far is a hundred thousand dollars per station. This includes com- 
munications and includes some safeguards against tampering of 
various kinds. If it is not proof against tampering then, of course it, 
would be much cheaper. At this rate the whole system in the Soviet 
Union of these small stations would cost $60 million, which is not a 
small sum, but also is not a large sum. It is a small sum compared 
to the requirements for a detection system in space. 

If we want a detection system in space, this will be far more ex- 
pensive. 

Representative Hottrretp. I might say that the $60 million that 
vou estimate is about 60 percent of the cost of one Polaris-type 
submarine. 

Dr. Berut. Yes. 

Representative Hoxirretp. The submarine runs a little over a 
hundred million. That is one submarine. 

Dr. Berué&. I am all for Polaris submarines, however. Supposing 
we had such a system, what would we do with the information? You 
will recall that I required that the signal be 10 times the noise. I 
required such a large signal in order to be able to see first motion in 
addition to just seeing the signal. We know from the experience of 
the Hardtack series that the first motion increases relatively much 
more if you go to small distances than does the signal afterwards. 
So that we should really be quite well off in regard to first motion. 

Dr. Richard Latter mentioned in his testimony this morning that 
there would be some 18,000 events above an equivalent yield of 18 
tons—tons, not kilotons. What I am aiming at in my exercise here is 
a somewhat more modest goal. I am aiming at 20 kilotons divided 
by 300, which is about 70 tons. That is, I want to detect a normal 
explosion, a coupled explosion of 70 tons, or an uncoupled or decoupled 
explosion of 20 kilotons. 

Representative HotirreLtp. That would be in tuff, and would re- 
quire roughly three times that amount. 

Dr. Betut. No. This would be 20 kilotons decoupled in salt, which 
is equivalent to 70 tons coupled in tuff. 

Representative HouirreLtp. Decoupled in salt? 

Dr. Bernt. Yes, decoupled in salt. At this level I estimate that 
the number of earthquakes in Soviet Russia would be about 5,000. 
[ would hope that with a rather good system of detecting first motion 
we could identify 90 percent of these, which would leave about 500. 
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Five hundred is still a very large number. However, you would 
obviously not try to inspect 500 seismic events. After all, we are 
interested in the decoupled 20 kiloton explosions, and these decoupled 
20 kiloton explosions can be easily performed only in salt. Only in 
salt beds can we easily use Mr. Meade’s method of solution mining, 

Therefore, one would inspect first of all only those events which hap- 
pened to originate from a place where there are salt beds. Now, al- 
though salt domes are widespread and there are hundreds of them in 
the Soviet Union, as we hear, they are not all over the place. I don’t 
know what fraction. We once made an estimate which was that it 
was quite a lot less than 1 percent of the Soviet Union which would 
be eligible for such excavations. Hopefully saying 1 percent, this 
would leave you with only five events. You might in addition have 
some evidence other than the siesmogram which tells you that some- 

body has done a major operation (after all, this excavating of the 
salt is a major operation) in such and such an area. If they want to 
excavate these cavities near the Caspian Sea, let us say, this further 
restricts the area in which we need to look. If they excavate some- 
where else, then it won’t be so easily possible to put the brine into the 
sea. So I believe that it is quite possible to select by other evidence 
than just the seismic signal those signals which originate from places 
where there might possibly be a fully decoupled shot. When you 
come down to 10 or 20 events a year of this type from which signals 
have been sent and which are in regions where you could have a salt 
cavity, then you get a perfectly manageable problem of inspection. 

I want to make one remark about the partial dee She ang which Dr. 
Albert Latter has talked of—the results of the Cowboy explosions. 

Representative Honirretp. By the way, were you using the data 
of the Cowboy explosions of 300 into 20,000 where you arrived at the 
70 tons? 

Dr. Beru&. Yes. 

Representative Houirigitp, But that was for chemical. Do you 
apply it with equal consideration to nuclear? 

Dr. Burnet. It is generally believed that the decoupling factor 
between tuff coupled and salt decoupled is 300. This should be in- 
dependent of chemical or nuclear. We must admit that this ratio 
has not really been measured. What is lacking still is a chemical 
explosion in tuff to verify that the salt decouples relative to tuff even 
when you have no hole. That is, even when you have a fully tamped 
explosion. 

On the partial decoupling, I think we must believe the results from 
the Cowboy explosions. So it appears that you can get partial de- 
coupling by a factor of 30 with a much smaller volume than you need 
for full decoupling. I somewhat disagree in the interpretation from 
Dr. Albert Latter. I think it is a matter of definition to some extent. 
But the volume which is required for this partial decoupling is one- 
tenth the volume which we previously specified, in my opinion, rather 
than one-thirtieth. This is still a very bie volume. 

Now, finally, a word about the capability to detect tests which 
might be further decoupled. 

Representative Hotirretp. I might mention that some of the mem- 
bers of the committee had to go for a rollcall. 

Dr. Beruf. Some of the schemes for further decoupling have been 
previously discussed. I think they are in a comp etely different 
category from the primary scheme of decoupling by a big hole. When 
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the big hole theory was first advanced by Dr. Albert Latter, I im- 
mediately recognized that this was a sound theory. I did my own 
calculations and confirmed his results. I do not feel at all the same 
way about the further decoupling possibilities. They depend on 
rather complicated schemes. One of the schemes that Dr. Teller 
mentioned is to distribute graphite dust in the big hole. This method 
was presented at the Geneva Conference. It didn’t draw any par- 
ticular fire from the Russians. But unofficially our friend, Dr. 
Penney, the head of the British delegation, pointed out to us that he 
had done experiments on very similar devices for quite different pur- 
poses and that they did not work at all. The difficulty is that this 
carbon dust must not be present before the nuclear explosion, because 
if it is present then it is just swept by the nuclear exposion to the wall. 
It is thereby rendered ineffective. In addition it increases the 
initial pressure spike which you always get when the shock from the 
air hits the wall. So you must not have the carbon dust before the 
nuclear explosion. So you are asked to so something rather com- 
plicated. You are asked to suspend little balls of carbon dust, let us 
say, at quite frequent intervals in a big cavity, explode them all 
simultaneously, and explode them at a time after the nuclear explosion 
passes them, but still early enough to absorb the heat from the nuclear 
explosion. What Dr. Penney pointed out is that he had tried to 
explode little balls of carbon dust, and instead of being nicely dis- 
tributed in space he found that it all came together and was therefore 
useless. That doesn’t mean that all these schemes will not work. 
I only want to leave with you the impression that these further de- 
coupling schemes are by no means as simple as appears on the sur- 
face and by no means as sure. It is my opinion that the next round 
ought to go to the detection rather than to the concealment. 

Representative HouirieLp. But if you admit, Doctor, as you have 
that the 300 to 1 decoupling process, which is the simple decoupling 
process, is possible, that in itself offers quite an obstruction to detec- 
tion, does it not? 

Dr. Berué. It certainly does. I have not disputed this at all. I 
have talked about a system of stations which, if acceptable on both 
sides, could deal with these decoupled explosions. I know full well 
that these decoupled explosions would not be detectable by the normal 
Geneva net. On the other hand, in spite of the very beautiful testi- 
mony of Mr. Meade, it is a major undertaking to make such a hole. 

Representative Houirietp. But if those holes already exist, Doctor, 
they could be utilized, could they not? 

Dr. Berufé. Holes already exist for 2 or 3 kilotons; not for 20. 

Representative Houirietp. 500 feet? 

Dr. Brerut. There was one 500-foot hole. I don’t know at what 
depth that was. Maybe we should inquire into that further. But 
this apparently is a rarity. 

Representative Honirietp. What size weapon would that take? 

Dr. Berué. If it is at the depth of about 3,000 feet, as we have 
always postulated, then it would take 30 kilotons. 

Representative Houirietp. If you had a 200-foot hole—I understand 
he said there were several of those—what size weapon would that take? 

Dr. Brerué. This is between 1 and 2 kilotons. I should say 2 
if it is at 3,000 feet depth. This is according to the full decoupling 
criterion, of course. It would take 20 kilotons with partial decoupling. 
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Representative Houirieip. In other words, it could take 20 kilotons 
and still register below 4.75? 

Dr. Berué. It would certainly register below 4.75. It would 
register about as a 1 kiloton explosion in that case, which the Geneva 
net can detect but not identify. 

Representative Houirie.tp. Of course, a 20-kiloton test would cer- 
tainly be of value from a military standpoint in testing the new 
configuration or new type of tactical weapon, would it not? 

Dr. Berusé. For tactical weapons it would surely be quite effective. 
In fact, we talk of tactical weapons, let us say, from 20 kilotons 
on down. 

Representative Horirretp. Down to 1 or 2? 

Dr. Berué. Or fractions of a kiloton. Whether it would be 
effective for developing higher yield weapons is another matter. I 
believe that progress in modern high vield weapons would be very 
difficult on the basis of such tests. Modern high yield weapons. 

Representative Hottrietp. Do you have any further statement? 

Dr. Berué. I want to talk about tactical weapons. Very much has 
been said about this. I think people largely disagree as to their 
usefulness. I want to make just one remark in this connection. 
If both we and the Russians had used tactical weapons in the Korean 
war, we could never have landed, because the thing which is most 
easily destroved is port facilities. I do not believe that tactical 
weapons if used by both sides, as they would necessarily be, are more 
useful to us than to our opponents. 

Representative Hosmer. In amphibious warfare, dock facilities 
were largely immaterial. 

Dr. Brrné. I thought we had used the ports to quite some extent. 
It would also be quite easy to attack a landing party in the normal 
methods of amphibious landings. But I really don’t want to make 
any judgment about this. 

Representative Hosmer. That is outside the field of our inquiry, 
anyway, is it not? 

Dr. Bernt. Yes. There are many arguments on both sides. I 
just wanted to point out that there are quite a lot of arguments on 
the side that it would help the Russians rather than us with our long 
communications. 

Representative Hosmer. I am rather intrigued by your short wave 
detection system. Incidentally, if you have answered any of these 
questions while I was away at the rollcall, just tell me and I will not 
pursue them. 

Is this system being used at any place as of the present time? 

Dr. Beruf. I have answered this question. This is only in a very 
experimental stage at the present time and it has not been used by 
the detection system which we have used for the Hardtack observa- 
tions. 

Representative Hosmer. It is only in the beginning of research and 
development and evaluation? 

Dr. Bretué. Yes. 

Representative Hosmer. I take it that you feel that inherent in 
it are much more possibilities of meeting adequate detection require- 
ments than in a long wave system. 

Dr. Berué. I think both the very short and the very long waves 
are very useful. The very long waves have been investigated par- 
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ticularly by Dr. Oliver, and are quite promising for discrimination 
between earthquakes and explosions. Quite a number of suggestions 
have been made and some have been incorporated in our Geneva 
documents. The very short waves have come into prominence only 
recently. One of the calculations that our group at the Geneva 
Conference, Technical Working Group II did, seemed to show was 
that we would be much better off in detecting first motion if we used 
higher frequency. 

Representative Hosmer. Were you suggesting this as an additional 
set of stations or an alternate set of stations? 

Dr. Betut. The high frequencies are useful only when you are 
close to the explosion because they are absorbed very strongly by 
the earth. 

Representative Hosmer. Are you recommending that we install 
both the long and the short wave? 

Dr. Betrut. The long waves are useful at large distances. I would 
imagine that the short waves would be installed in small stations 
which we might have at every 200 kilometers, whereas the long wave 
devices would be installed at the big stations—at the 21 stations 
which we have in the present Geneva system in Russia. 

Representative Hosmer. Then the answer to the question is 
“Yes,” you are suggesting both a long wave and short wave integrated 
system. 

Dr. Bernt. That is correct. The long wave system has already 
been accepted by the negotiating parties in Geneva. It is part of the 
recommendation of Working Group II that long wave seismographs 
be installed at all control stations. 


Representative Hosmer. But the long wave system standing by 
itself is inadequate to detect cheating. Therefore, as a consequence 
you suggest the addition of the short wave system, too? 


. 


Dr. Berns. Yes, that is right. The present system has long waves 
and medium waves. I suggest the addition of short waves. 

Representative Houirrevp. If the gentleman will yield, would the 
600 figure that you gave us for stations be in addition to the short 
wave or would that include both short wave and long wave? 

Dr. Berut. That would just be the short waves. 

Representative Houirietp. Then we would have 21 of the long 
waves. 

Dr. Beru&. Or preferably 30 as Dr. Richard Latter recommended. 

Representative HoLirieLp. Are you contemplating these short wave 
stations having a hundred element array? 

Dr. Bernt. No. I assume that they would have a single seismo- 
graph. 

Representative Hosmer. It would more or less depend on how much 
background noise you had in the area? 

Dr. Berns&. Yes. I figured the background noise according to the 
available data and then assumed just one seismograph. If you had 
several seismographs you could do better. 

Representative Hosmer. You specified though that you want a 
signal that is in strength 10 times the background noise. 

Dr. Bern. That is right. 

Representative Hosmer. If you are going to have a bigger back- 
ground noise you will have to put in a bigger array. 
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Dr. Beruf. Yes. I took that background noise as observed with 
present equipment at this short wave. 

Representative Hosmer. You have the background noise in your 
calculations? 

Dr. Bernt. The background noise has been measured and I have 
taken the average background noise and I pointed out that when there 
is wind you have to take special precautions which we can only find 
by further research. 

Representative Hosmer. Doctor, since you said there was not any 
of these short wave systems in being, how have you been able to 
determine what the short wave background noise is for this system? 

Dr. Brerut. No system is in being but single instruments exist. 

Representative Hosmer. Single instruments exist? 

Dr. Bernt. Yes. 

Representative Hosmer. Has a check been done on the United 
States and we know what the background noises are all over the 
United States? 

Dr. Berué. I believe this was not all over the United States but 
only at special points. 

Representative Hosmer. Then you would have to go in and check 
the background noises. 

Dr. Beruté. You certainly would. 

Representative Hosmer. At each of these 600 stations we are 
taiking about, they would have to be tailored to the background noise 
characteristic of the location. 

Dr. Berut. One would try to find a location of relatively low back- 
ground noise but this might take some time. 

Representative Hosmer. This requirement that you have established 
of signal 10 times background noise, does that apply to the long wave 
detection stations, too? 

Dr. Bernt. No. This applied only to the short wave detection. 

Representative Hosmer. What is the minimum requirement in the 
long wave station? 

Dr. Betut. That depends on what you want to see. I should 
first of all make the difference between real long wave, which means 
waves of 10 second period and more and medium wave, which means 
one-third of a second. The medium wave is the mainstay of our 
present detection system. When Dr. Richard Latter made the in- 
vestigations of the requirements, he required 10 to 20 times back- 
ground noise for these. If you want to detect first motion you need 
something like 10 times background noise at small distance and 20 
times at larger distance. If you talk about the really long waves, the 
figure has not been so carefully specified so far. 

Representative Hosmer. Did you discuss how many unrecogniz- 
able manifestations that would be turned up by the shortwave system? 

Dr. Berns. Yes. 

Representative Hosmer. Is that worldwide or in the Soviet Union? 

Dr. Bretué. Five thousand in the Soviet Union detected. I esti- 
mated about 500 of these unidentified. 

Representative Hosmer. You mentioned some type of a commu- 
nication system from these unmonitored stations. What did you 
have in mind? 

Dr. Betus. I am afraid I am out of my depth there. A study is 
being made at the moment by very competent people of the Sandia 
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Corp., and Bell Telephone Laboratories, and these are very great 
experts in communications, as you know. I believe they suggest 
cables but I am not sure. I think we have to wait until that study 
is completed. 

Representative Hosmer. Will you answer this question, then? If 
the system is to accomplish its purpose, the integrity of the commu- 
cation system must be at least equal to that of the detection system. 
Is that true or false? 

Dr. Beru&. That is absolutely true. 

Representative Hosmer. Does this represent a problem of roughly 
equal magnitude to that of developing the detection machinery? 

Dr. Beru&. I do not know, but I don’t think so. Communications, 
after all, is a well-developed art. 

Representative Hosmer. You did, however, mention the necessity 
of building in some tamperproofing. 

Dr. Bernt. Yes. 

Representative Hosmer. You mentioned also the probable use of 
land lines. That would pose a considerable problem. I think you 
are capable of answering that, are you not? 

Dr. Berué. I am afraid I am not able to answer that. One would 
have to ask communication experts. 

Representative Hosmer. In case we do not have any testimony 
along that line, Mr. Chairman, I think the record of the hearings 
should recognize the fact that we have another problem of equal 
magnitude to the one we spent 3 days discussing in this committee. 

Thank you, Doctor. 

Representative Houttrtetp. Do you have any further testimony, 
Dr. Bethé? 

Dr. Berué. I have nothing further. 

Representative Houirretp. I might announce to the audience that 
Dr. Bethé will be on the panel tomorrow and we will welcome you 
back again at that time, Dr. Bethé. Thank you very much for your 
testimony. 

Dr. Bernt. Thank you. 

Representative Ho.ir1etp. We are going to have to make a little 
change in our program in the morning. Capabilities for detecting 
tests in the atmosphere and high altitudes and space have been pretty 
well covered. In view of the fact that item No. 5, “Procedures, capa- 
bilities, techniques, and limitations of onsite inspections,’ should 
normally follow the type of testimony we have had, we will omit 
item No. 4 for the present and we will have item No. 5 in the morning. 
Then the panel. Then we will get to No. 4 later. So if Dr. Panofsky 
and Dr. Latter and Dr. Byron B. Leonard and Dr. Richard Taschek 
are in the room they might confer with the staff on this matter. If 
not, the staff will contact them. 

The committee will resume tomorrow morning at 10 a.m. in room 
312 of the Old House Office Building. We are unable to get this room. 
During tomorrow morning’s session the committee wants to have the 
panel meet to discuss the capabilities of monitoring underground 
nuclear tests during a moratorium. We may have to call them back 
again after the high-altitude testimony. 

At the present time the committee is adjourned. 
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(The following letter and supplementary material were received 
from Dr. Bethé:) 
LABORATORY OF NUCLEAR STUDIES, 
CoRNELL UNIVERSITY, 
Ithaca, N.Y., April 27, 1960. 
Hon. Cret HOo.uirie.p, 
Chairman, Subcommittee on Radiation, 
Joint Committee on Atomic Energy, 


The Capitol, Washington, D.C. 


Dear Mr. Houtrietp: Thank you very much for your invitation given to me 
twice, once directly and once through Dr. Inglis to set down additional thoughts 
for the record. I am very happy to make use of this invitation. 

Enclosed I am sending you some of my additional thoughts; some of them are 
just clarifications of what I said during the hearings, and others are on related 
subjects. Obviously, this is such a big subject that it is very difficult to be com- 
plete in one discussion. 

I hope you will be able to insert these additional pages into the record of your 
hearings. 

Some of the political and nontechnical thoughts which I have in this connection 
I have put down in a talk which I gave last Monday to the Philosophical Society of 
Washington. I am taking the liberty of sending you a copy of this talk under 
separate cover. 

Thank you very much for giving me this opportunity of supplementing the 
record. 

Yours sincerely, 


H. A. Berueé. 


REMARKS oF Dr. Hans A. Betut, SUPPLEMENTING TESTIMONY GIVEN ON APRIL 
20 aNp 21, 1960, BErorE THE SpEcIAL SUBCOMMITTEE ON RADIATION OF THE 
Jornt COMMITTEE ON ATOMIC ENERGY, SUBMITTED BY LETTER Darep Apri 27, 
1960 


1. The system of stations which has been developed at Geneva (about 21 sta- 
tions in the U.S.S.R., with 100 seismographs each) is adequate to monitor the 
limited test ban proposed by President Eisenhower on February 11, 1960, namely 
a ban on underground explosions giving seismic signals equivalent to an earth- 
quake magnitude of 4.75 or greater. It has been estimated that there will be 
about 100 earthquakes of this magnitude per year in the Soviet Union, and that 
60 to 70 of these cannot be identified as ear:hquakes and could thus be suspected 
of being explosions. If 20 inspections are permitted per year, this would allow 
inspection of 30 percent of the unidentified events. In no case could the coverage 
sink as low as 10 percent, because even if no identification were possible at all, 20 
inspections would still cover 20 percent of all seismic events of this magnitude. I 
believe that even 10 percent inspection would be a very strong deterrent against 
the Russians’ conducting clandestine tests in violation of a treaty. Moreover, 
I believe that the estimate of 60 to 70 unidentified earthquakes in an average year 
is very conservative. 

2. Dr. Richard Latter has shown that a mere redistribution of stations, keeping 
their number at 21, would greatly enhance the capability of the Geneva system to 
identify earthquakes and explosions. A moderate increase of the number of sta- 
tions to 30 would reduce the number of unidentified earthquakes above magnitude 
4.75 to as few as 9 per year. Magnitude 4.75 corresponds to 20 kilotons under 
standard Nevada conditions. The number of earthquakes in the U.S.S.R. above 
5 kilotons equivalent which would escape identification by the Latter system of 
stations is estimated to be only 36 per year. Thus, with 20 inspections, the Latter 
system could deter clandestine tests down to well below 5 kilotons under Nevada 
conditions. 

3. Research on seismic detection will greatly improve our ability to distinguish 
earthquakes from explosions. We have so far used almost exclusively the first 
motion as a criterion for this distinction. I expect that closer study will show 
other distinguishing characteristics, associated with the later parts of the wave. 
It seems to me likely that 2 to 3 years of intensive research would improve our 
ability of identification by at least a factor of 5 so that then the Latter system of 30 
stations could monitor explosions down to 1 kiloton in standard conditions. A\l- 
ready now, the Geneva system of 21 stations can detect and locate (though not 
identify) explosions down to well below 1 standard kiloton. 
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4. The capability discussed in paragraph 3 is important for the detection of 
partially decoupled shots. The Cowboy experiments have shown that one can 
get partial decoupling in a hole of smaller size than that required for full decoup- 
ling. It has been estimated that a hole of 70 cubic meters (about 2,000 cubic 
feet) per ton of explosive is required to give the full decoupling by a factor of 300. 
A hole of one-tenth this volume (7 cubic meters per ton of explosive) appears, ac- 
cording to the Cowboy experiments, to give one-tenth the decoupling, i.e., a de- 
coupling factor of about 30. (1 differ from Dr. Albert Latter’s testimony in 
this; he has stated that this decoupling is acheived in a hole of one-thirtieth of 
the standard volume; however, he has privately agreed with my interpretation.) 
There are existing cavities in salt domes big enough to take a few, let us say 2 to 3, 
kilotons with full decoupling. If such a cavity were used to explode a bomb 10 
times larger, the decoupling would be expected to be 30; i.e., a 30-kiloton bomb 
exploded in such a cavity will look like 1 kiloton in Nevada tuff. Such an ex- 
plosion, however, can be detected and located by the agreed Geneva system. 

(See telegram from Dr. Albert Latter, dated May 3, 1960, p. 184.) 

5. It is technically feasible today to design a system of seismic stations which 
would detect, locate, and identify fully decoupled explosions of 20 kilotons. With 
full decoupling, by a factor 300, a 20-kiloton explosion looks like 70 tons in stand- 
ard Nevada conditions. A net of stations of 200-kilometers (125 miles) spacing 
would detect and identify such explosions. These stations would be unmanned 
and automatic, and each station would have only one seismograph. The opti- 
mum design of instruments for such stations will still have to be worked out; it 
may turn out to be better to have somewhat greater spacing but to have an array 
of, let us say, four seismographs in each station. Estimates of the cost of such 
stations have been made by a very competent team at the Sandia Corp. in Albu- 
querque, N. Mex. The cost is about $100,000 per station, including coding of 
the seismograph information for transmission and other features designed to 
make the stations essentially tamperproof. The transmission would probably 
be by cables which might add another 50 to 100 million for the U.S.S.R. 

If fully implemented, this system would involve about 600 unmanned stations 
in the Soviet Union. However, most of the U.S.S.R. is aseismic, and in this area 
it would be sufficient to detect and locate seismic events: since there are normally 
no earthquakes, any disturbance would indicate an explosion. I estimate that 
for this purpose a spacing of 400 kilometers would suffice, and if this number is 
accepted for the aseismic regions, the total number of unmanned stations in the 
U.S.8.R. may be reduced to about 200. 

A system of unmanned seismic stations, to supplement the present Geneva 
system, would greatly increase the capacity of the system to distinguish explosions 
from earthquakes also at higher vield (1 kiloton and more) and would thus greatly 
reduce the number of onsite inspections required. 

6. The unmanned stations should have seismographs which are capable of 
recording high-frequency waves (about 10 cycles per second), in addition to the 
medium-frequency waves (of about 3 cycles per second) normally recorded. 
This is expected to increase the ability of the unmanned stations to record de- 
coupled explosions and the first motion generated by these explosions. Further 
research on high-frequency recording and on the noise at three frequencies is 
required. 

High-frequeney recording will foil most of the proposed attempts at further 
decoupling (beyond a factor 300) even if these decoupling proposals should other- 
wise turn out-to be feasible, which is contrary to my expectation. This is because 
the initial pressure spike, due to the impact of the air shock wave on the wall of 
the cavity, will be recorded just as strongly at high frequency as the stealy pres- 
sure in the cavity. Only the steady pressure, not the spike, is reduced by such 
schemes as the distribution of carbon dust in the cavity. 

7. There is also a distinct possibility that the high frequencies will be much 
weaker in earthquakes equivalent to 70 tons than they are in explosions of this 
size. If this turns out to be true, the identification of those small explosions 
would be greatly facilitated. 

8. A closely spaced net of stations will probably enable the seismologists to 
determine the depth of the source of the disturbance much more accurately than 
is now possible. This would be a powerful tool in distinguishing earthquakes 
from explosions since only few earthquakes occur in the top mile of the earth’s 
crust. 

Such a net would probably also make it very difficult to confuse the signal by 
setting off several nuclear explosions simultaneously at places a few miles from 
each other, as proposed by Dr. Teller. 











184 NUCLEAR WEAPONS TEST BAN CONTROLS 


9. In spite of the testimony of Mr. Meade, I still maintain that the constructiow 
of a large cavity in salt, of 2 million cubic meters volume, is a major undertaking. 
A violator would have to be afraid that such a construction job would be detected 
by other means than seismographs, e.g., by photography from satellites. 

The disposal of the brine alone seems a formidable problem. The volume of the 
brine will be many times the volume of the salt and may be estimated at perhaps 
100 million barrels. 

(a) To dump this into an old oilfield requires a major field, and a lot of pipes 
which would be visible. Moreover, this would greatly limit the geographical 
areas where big cavities might he suspected to be constructed, and hence would 
reduce the number of seismograph recordings which would require onsite inspec- 
tion to very few. 

(b) Mr. Meade suggested dumping the brine directly into the sea. I suppose 
this would be the Caspian Sea. This restricts construction of eavities to the 
shores of the Caspian, again a very limited geographical region. 

(c) If the cavity were constructed elsewhere, it would probably be necessary 
to dump the salt into a river. If this were done in one of the very large rivers in 
North America—the Ohio, the Columbia or the St. Lawrence—it would at least 
double their natural salt content over a period of 2 years. Chemical analysis of 
river water would be a very simple safeguard against digging of salt cavities. 

10. The construction of large cavities in limestone, as proposed by Dr. Teller, 
seems far more difficult than in salt. I discussed this problem with some chemists. 
The limestone would first have to be heated to about 1,000° C. and decomposed, 
at considerable expense in power. Then it would have to be cooled to room tem- 
perature, at considerable expense of cooling water, in order to have the lime dis- 
solve. More important is the fact that lime is almost insoluble in water: it would 
require the entire water supply for New York City for over a year to dissolve the 
lime in a cavity of the size discussed by Mr. Meade. Direct mining operation, 
at great expense, would probably be more feasible. It is also questionable whether 
the walls of a limestone cavity would have the desirable elastic properties of a 
salt cavity. 

11. It would be most suspicious if two signals were recorded by the detection 
stations which originate from the same source. It would therefore be very dan- 
gerous for a violator to use the same location for two or more tests. This goes 
especially for decoupled tests in large cavities if they can be detected by a system 
of unmanned stations. This greatly adds to complication, cost, and time required 
for testing. 

12. Even if the Russians wanted to violate the treaty (which I don’t believe) 
and even if they wanted particularly to develop small weapons (which I also 
don’t believe) the restrictions imposed by any detection system, even a very 
imperfect one, would greatly impede their progress and slow it down to a snail’s 
pace. However, if testing were resumed below magnitude 4.75, they could operate 
openly, easily and quickly and could soon catch up to our present position in 
tactical weapons. On the other hand, we already have tactical weapons of many 
vields and sizes, and it would be difficult (though not entirely impossible) for us to 
make further progress of real military significance. 

13. I do not agree with Dr. Brown’s statement that tests at 1 kiloton would 
permit us or the Russians to oe efficient higher yield tactical weapons without 
further tests. The minimum yield required for this purpose is more likely to be 
3 to 5 kilotons. This is also the opinion of the Los nue Laboratory. 


(The following telegram dated May 3, 1960, from Dr. Albert L. 
Latter, is hereby made a part of the record:) 
Ranv Corp., 
Santa Monica, Calif., May 3, 1960. 


To: Congress of the United States, Joint Committee on Atomic Energy (room 
F-88, Capitol). 

Attention: Colonel Lunger. 

From: Albert L. Latter. 


The Cowboy experiments were conducted with chemical explosions, and the 


results must be interpreted to provide information on the decoupling of nuclear 
explosions. The interpretation is difficult because the pressure exerted on the 
cavity wall is quite different in the two cases. For the same yield chemical and 
nuclear explosions, the average pressure is. more or less the same, but the transient 
impulse is far more severe for the chemical explosion. How one interprets the 
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Cowboy results depends on whether he thinks it is the transient or the average 
pressure in the cavity which is the important parameter for determining the 
decoupling factor. My own view, and the one on which I based some statements 
in my testimony, is that the transient pressure is more important, Professor 
Bethé’s view seems to be the opposite. 

Professor Bethé and I discussed this matter very briefly at the hearing, just 
prior to his testifying, and apparently he understood me to say that I thought his 
interpretation is more correct. Actually what I| said, or in any case meant to say, 
was that I agreed that his interpretation is a permissible one. However, I pointed 
out that on his interpretation the volume of the hole required to give the full 
decoupling factor of 300 is only 35 cubic meters per ton of yield instead of 70 
cubic meters per ton. The reason for this change is that the value of 70 cubic 
meters per ton, which we presented in Geneva to the Technical Working Group II, 
was based on the view that the transient pressure is the important parameter. 
If we revise our view and say that the average pressure is the important parameter, 
then the corresponding volume for the full decoupling factor is only 35 cubic 
meters per ton. 

The following table might be helpful in distinguishing the two possible inter- 
pretations of the Cowboy experiments. The table gives the volume of the 
cavity in cubic meters per ton of yield required to give a decoupling factor of 300 
or 30 according first to Bethé’s view and then to mine. 


Decoupling factor 


300 30 
Bethé, average pressure _ 
Latter, transient pressure 


Which of these interpretations is the correct one can, of course, be decided 
only by decoupling experiments with nuclear explosions. However, in considering 
the small differences between the two interpretations, we should not lose sight 
of the really important consequence of the Cowboy experiments; namely, that a 
decoupling factor of 30 can be obtained with a hole which is much smaller than 
70 cubic meters per ton. 





ADDITIONAL REMARKS SUBMITTED BY Dr. Betu®&, By LEtreR Datep Apri 29, 1960 


(a) The Geneva System of 21 stations in Russia is adequate to monitor the 
limited test ban proposed by President Eisenhower on February 11. This pro- 
posal is to stop by treaty only those underground explosions which give a seismic 
signal of magnitude 4.75 or greater. This limited ban could be adequately 
monitored with 20 onsite inspections per year. This limited test ban treaty is 
the present basis of the negotiations at Geneva. 

(b) According to Mr. Meade’s testimony, it would take 244 years to construct 
a cavity in salt to fully decouple a 30-kiloton explosion. If, simultaneously with 
the limited test ban, a moratorium on smaller tests is declared, to run 2 to 3 years, 
the Russians could not reap the fruits of such construction during the mora- 
torium.! 

In this connection it should be pointed out that the Russian scientists in the 
Technical Working Group II at Geneva were greatly surprised by the theory 
of the big hole and announced one day that they would demolish this theory. 
Their attempt to do so was proved incorrect in subsequent theoretical arguments 
by Dr. Albert Latter and myself. Even if the Russians want to construct such 
a cavity, which I do not believe, they could not well have started to do so until 
recently. 

(c) If a natural cavity, suitable for 2 kilotons, exists in Russia and if it were 
used to test a 20-kiloton weapon, I already testified that the resulting signal could 
probably be detected and located by the Geneva net but not distinguished from 
an earthquake. In this connection it is fortunate that salt dome regions are 
in general aseismic so that any signal from such a region would be suspicious.” 





1 See testimony of Mr. Meade, p. 156. 
2 See also Mr. Meade’s statement, p. 150, for information on Russian salt dome regions. 
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(Additional remarks submitted by Dr. Bethé, by letter dated 
May 23, 1960, follow:) 


Irnaca, N.Y., May 23, 1960. 
Mr. JAMES T. RAMEY, 
Executive Director, 
Joint Committee on Atomic Energy, 
Congress of the United States, 
Washington, D.C. 

Dear Mr. Ramey: With reference to your letter of May 17, the telegram by 
Dr. Latter represents the situation quite clearly. However, I believe that a 
third interpretation is possible and perhaps likely. There may be some inelastic 
behavior and hence some loss in decoupling factor when the transient pressure 
exceeds the inelastic limit and then a much larger loss of decoupling when the 
static pressure exceeds the overburden. I should therefore like to use Dr. Latter’s 
criterion of transient pressures for the full decoupling factor of 300, which would 
require 70 cubic meters per ton in this case, and then use my criterion of average 
pressure for decoupling factor 30 which gives 7 cubic meters per ton for this 
decoupling factor. 

In the case of the smaller decoupling factor of 30, I strongly believe that my 
interpretation is correct because once the static pressure exceeds the overburden, 
there must be strong forces leading to inelastic deformation, The transient pres- 
sure can in this case only be of relatively minor importance; it may set inelastic 
deformation in motion but this deformation keeps going because the static pres- 
sure is too large. I do not feel so strongly about the criterion for the full de- 
coupling factor of 300; this may be either Latter’s or my criterion or something 
in between. It is certainly not clear how much the decoupling factor would be 
reduced from 300 if Latter’s criterion of 70 cubic meters per ton is violated but 
my criterion of 35 cubic meters per ton is still fulfilled. 

I agree with Dr. Latter’s conclusion that partial decoupling is possible, and 
that this was the most surprising and therefore most interesting result of the Cow- 
boy experiments. 

Yours sincerely, 
Hans A. Berne. 


(Whereupon, at 5:20 p.m., Wednesday, April 20, 1960, the hearing 
was recessed, to reconvene at 10 a.m., Thursday, April 21, 1960.) 
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TECHNICAL ASPECTS OF DETECTION AND INSPECTION 
CONTROLS OF A NUCLEAR WEAPONS TEST BAN 


THURSDAY, APRIL 21, 1960 


CONGRESS OF THE UNITED STATES, 
SpeciAL SUBCOMMITTEE ON RADIATION, 
SUBCOMMITTEE ON RESEARCH AND DEVELOPMENT, 
Joint CoMMITTEE ON ATomic ENERGY, 
Washington, D.C. 

The subcommittees met, pursuant to recess, at 10 a.m. in room 312, 
Senate Office Building, Representative Chet Holifield (chairman of 
the Special Subcommittee on Radiation) presiding. 

Present: Representatives Holifield, Durham, Price, Van Zandt, 
Hosmer, and Bates; Senators Hickenlooper and Bennett. 

Also present: James T. Ramey, executive director; John T. Con- 
way, assistant director, George F. Murphy, Jr., professional staff 
member, and Richard T. Lunger, staff consultant, Joint Committee 
on Atomic Energy. 

Representative HotirreLtp. The committee will be in order. 

The Special Subcommittee on Radiation and the Subcommittee on 
Research and Development meet this morning in the third day of 
public hearings on the technical problems of a nuclear weapons test 
ban and the necessary detection techniques and inspection controls. 

We have attempted to follow as closely as possible the proposed 
outline which we announced at the commencement of our hearings. 
We have taken longer than originally expected to cover each of the 
special topics listed in our outline. 

I attribute this to the extreme interest of our members in these 
topics, and the capabilities of our witnesses to augment their written 
statements with oral answers to the questions from the members. I 
believe that this is good. I believe that it is important that we discuss 
these very vital matters in as great detail as possible so that we may 
fully understand the facts. 

While this has been of extreme interest and great assistance to the 
members of this committee, I realize the extension of the hearings may 
be causing hardship to some of our witnesses. The Chair realizes that 
the scientific and technical experts who are appearing before it are busy 
men and may have other commitments. 

Accordingly, if any of our scheduled witnesses will be seriously in- 
convenienced by not being called to testify at the time and date 
originally planned, the committee will accept their written statement 
for the record. 

As announced yesterday, we will begin this morning with a panel 
discussion of the capabilities of monitoring underground nuclezr tests 
during a moratorium. If members of the panel will come forward and 
take seats at the witness table, we will begin by each identifying him- 
self by name for the record. 
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For the record, I will announce that the members of the panel are: 

Dr. Roland Beers, seismic consultant, Troy, N.Y. 

Dr. Hans Bethé, Physics Department, Cornell U niversity, Ithaca, 
N.Y. 

Dr. Harold Brown, Lawrence Radiation Laboratory, Livermore, 
Calif. 

Dr. Dean S. Carder, Chief Seismologist, U.S. Coast and Geodetic 
Survey, Washington, D.C. 

Dr. Alvin C. Graves, Los Alamos Scientific Laboratory, Los Alamos, 
N. Mex. 

Dr. Richard Latter, Rand Corp., Santa Monica, Calif. 

Dr. Jack E. Oliver, Lamont Geological Observatory, Columbia 
University, New York, N.Y. 

Dr. Jay Orear, Physics Department, Cornell University, Ithaca, 
Ni) 

Dr. Richard E. Roberts, Carnegie Institution, Washington, D.C. 

Dr. Carl F. Romney, Headquarters, USAF, Air Force Technical 
Applications Center, Washington, D.C. 

Dr. Edward Teller, Lawrence Radiation Laboratory, Livermore, 
Calif. 

Dr. Harold : rey, University of California, Scripps Institute of 
Oceanography, La Jolla, Calif. 

Dr. Roberts, we appreciate your appearance here today. Would you 
like to lead off on a statement of what you think we need to improve 
our detection capability? 


PANEL DISCUSSION ON THE CAPABILITIES OF MONITORING 
UNDERGROUND NUCLEAR TESTS DURING A MORATORIUM 


Dr. Roserts. Thank you, Mr. Holifield. 

I am an amateur seismologist. I have been closely associated with 
Dr. Tuve and Dr. Tatel in their seismology program. Those men 
started in 1947 to do explosion seismology. ‘They worked perhaps 
half time at it for the last 10 or 12 years. During this time they have 
done a great deal of the work in explosion seismology. 

I noticed in Wollard’s paper here (Journal of Geophysical Research) 
that about 40 percent of the data comes from the Carnegie Institution. 
That is perhaps a sad commentary on the amount of work that has 
been done in this country when 40 percent comes from two men 
half time. 

In the course of that time they have acquired a great deal of experi- 
ence in the seismic experiments, coming from blasts of various sizes. 
I want to put into the record some of the typcial signals observed and 
I have handed in this particular one. It shows the seismic signal ob- 
served from a 1-ton =a at 200 and 300 kilometers. 


! Refer to Beckner Panel Report, app. 5, p. 643, and Seismic Research and Development Report, submit- 
ted by Department of Defense, attac hment 5, p. 431. 
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This is a very nice signal. This is sufficiently above the noise level 
to be very useful in the detection scheme. Based on this type of ex- 
perience with equipment which is relatively simple, I would like to 
show this picture of the equipment. 


SEISMIC OBSERVING EQUIPMENT ON A “CASEY JONES” FLAT CAR OF THE YUKON- 
WHITE Pass RarroaD BETWEEN SKAGWAY, ALASKA, ANp CARCROSS, YUKON 
TERRITORY 
This photograph shows a typical set-up for recording seismic waves from 

explosions for crustal exploration. In these studies of the earth’s crust observa- 

tions were made over all the continental United States, northwest Canada, and 

Alaska. At this site, chosen because there were no highways traversing the 

mountain chain in this area, recordings of shots being fired under water by the 

U.S. Coast Guard cutter Sedge near Skagway, about 40 miles distant, were made. 


You can see it is not very elaborate. There it is set up on a handcar 
on the railroad. It is very easy to detect explosions out to about 300 
kilometers—explosions of the order of 1 ton when shot in water and 
somewhat larger when shot in mining operations. 

Explorations have been carried out all over this country, in Cali- 
fornia, Washington, Arizona, Minnesota, Alaska, and in Peru. During 
these summer expeditions, they would enroll their children and friends 
to man the stations. 





el 
X- 
LO 





Se 





TKON- 
‘UKON 


from 
serva- 
a, and 
ig the 
by the 
made. 


ndcar 
it 300 
r and 


Cali- 
during 
riends 


NUCLEAR WEAPONS TEST BAN CONTROLS 191 


This particular record was taken by Dr. Tuve’s son who had just 
graduated from college and was on his honeymoon. So it is not an 
operation that requires highly trained people. 

Representative Houirrenp. Is that a part-time operation? 

Dr. Roserts. We have the belief that permanent stations could 
do much better than these field operations. In these typical field 
operations you have a station wagon with your seismic equipment 
loaded in the back, drive up along the road to about the region where 
you want to make your recording, set up the seismometers on the 
first reasonable looking rock and take the record, pack up, and drive 
away 15 minutes later. 

We believe that permanent stations equipped with modest arrays 
could get much better results than these. 

One thing that has been learned during these operations is that it 
is necessary to find quiet sites. You find quiet sites on bedrock or 
in places where there is no bedrock it is also possible to find quiet sites 
by drilling wells down to solid rock. This is necessary to get away 
from surface noise due to wind blowing on trees, and so forth. 

Taking these numbers, that 1 ton can be detected out to 400 kilo- 
meters, giving a good signal at 300 kilometers and quite reliably at 
300 kilometers. 

Representative HouirteLp. You are speaking of the tamped shots 
and not the decoupled shots? 

Dr. Roperts. These are explosions of four 600-pound depth 
charges, a total of 1 ton. 

Representative Houirietp. Four depth charges? 

Dr. Roserts. Four depth charges tied together and shot off. 

Representative HonirieLp. Are you talking about them being ex- 
ploded in the hole in the ground or contiguous to the earth? 

Dr. Roserts. This is under water. That is the simplest and 
easiest way to get a reproducible shot. 

Representative HouirieLp. Of course, that is a nondecoupled shot. 

Dr. Roserts. That is right. In fact, it is very well coupled. 
With this experience of being able to detect 1 ton shots, we felt that 
a 400-kilometer net would be sufficient. Of course, Dr. Bethé’s closer 
spacing would be even better. 

Representative Hosmer. May I ask, then, is this the shortwave 
detection machine or medium wave? 

Dr. Roserts. These are most sensitive at about five cycles and 
actually the signals you observe are in the range of six to eight cycles. 

Representative Hosmer. Then it is akin to Dr. Bethé’s machine. 

Dr. Roserts. It is close to Dr. Bethé’s machine. 

Representative Houirreip. It is a low-wave rather than high- 
frequency type instrument. 

Dr. Roserts. No. It is a high frequency. We felt that we could 
detect 1 ton under favorable circumstances, but allowing for the dif- 
ference between water shots and quarry shots we thought it was much 
safer to use 10 tons as our detectable figure and we felt that we had 
another margin of safety because these are single seismos and much 
better results could be obtained with an array. 

So I think this 400-kilometer network, while not as good as the one 
Dr. Bethé proposed, would be adequate to detect the order of 10 tons. 
It would also be sufficient to give a highly precise location of the 
event. With the long distance arrays, the precision is not at all good, 
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but these close-in stations can detect the first arrival to the order of 
one-tenth of a second, which corresponds perhaps to 1 kilometer. 

So the precision of location is tremendously improved, and there 
is not a vast area which needs to be inspected in an on site inspection. 
It is a rather precise location, more or less like a square mile. 

I think that is a tremendous advantage both in acceptability and in 
the usefulness of onsite inspection. 

Representative Hotirretp. How many stations would this require 
in the Soviet Union? 

Dr. Roperts. This would require 125, roughly. 

Representative Houirietp. As against the 21 that has been dis- 
cussed? 

Dr. Roperts. That is right. I think that it should be emphasized 
that it is really not a technical problem to detect things. You surely 
can detect with a close enough network. It is more of a political 
problem of how many stations are acceptable. Technically we can 
detect. Politically we may not be able to get acceptance of a sufficient 
number of stations. 

Representative HoutrreLtp. Of course, if you do not get political 
acceptance of the required number you cut the ground out from under 
your whole theory of detection, do you not? 

Dr. Roserts. Of course, a network that is not accepted is of no 
use whatsoever. 

Representative Houirietp. Thatisright. You ask for 125 stations, 
and I believe Dr. Bethé asked for 600 of this type in his testimony 
yesterday. The negotiators have discussed a matter of 20 or 21, 
which has not been accepted as far as I know by the Soviets. 

Dr. Roserts. I thought the 21 was accepted. 

Representative HotirreLp. What about that: Is there any mem- 
ber of the panel that would speak on that subject? 

Dr. Larrer. The Soviets have accepted the numbers in the experts’ 
report which referred to 37 stations in Asia. They have not accepted 
any specific number in the Soviet Union. 

epresentative HoutrreLp. Thirty-seven in Asia? 

Dr. Larrer. That is correct. 

Representative HoLir1eLp. Where does the 21 come from? Is that 
a discussed assumption? 

Dr. Latter. That is an assumption based on the system require- 
ments in the experts’ report of 1,000 kilometers in seismic areas and 

1,700 in aseismic areas. You would end up with a number like 21. 

Representative Hotirieip. Dr Latter, did you testify to a different 
number on that, around 30 or 40? 

Dr. Larrer. I mentioned 21 as the basic Geneva system consistent 
with the experts’ report. I then talked about adding additional 
stations to that basic net. 

Representative HouirreLp. How many would that be? 

Dr. Larrer. I talked about adding an additional 9 stations, making 

a total of 30 stations in the Soviet Union. 

Representative Hosmer. But that is on the medium-wave system. 

Dr. Larrer. That is on the medium-wave system. 

Representative Hosmer. I did not understand that from Dr. 
Brown’s testimony. He had moved these spacings up from Dr. 
Bethé’s 300 to a 400-kilometer spacing. But I do not understand how 
you can bring the number of stations down from 600 to around 100. 
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Dr. Ropers. Dr. Bethé proposed that 200-kilometer spacing be 
used and the one we calculated was 400 kilometers, so that makes 4 
times less stations. 

Representative Hosmer. That makes it 150. 

Dr. Ropers. Yes. 

Representative Hosmer. Plus the 21 medium-wave stations, or 
30, as Dr. Latter was suggesting. 

Dr. Roserts. This network was proposed on the basis of a lot of 
experience in detecting seismic explosions in quarries, and I was 
pleased to find that Dr. Latter calculated from his data what he would 
expect and it came out fairly close. There is no great disagreement. 

He said 18 tons. We had 10 tons. I think our experience has 
been more fortunate than his in getting good sites with low-noise level. 
The noise level that we commonly find is around 1 angstrom in a 
good site and we run at high sensitivity. This is based on a consid- 
erable degree of experience. It is not a calculated network based 
on extrapolation. 

Senator HickeNLoopErR. Dr. Roberts, you keep talking about detec- 
tion. Is there not a difference between detection and identification? 

Dr. Roperrs. Yes; there certainly is. By detection you mean that 
you get a noticeable signal; your timing is good enough to locate that 
event with precision. Then it is a considerable problem to know 
whether that is an earthquake or an explosion. 

One thing that helps is that most of the earthquakes occur in rather 
limited areas so that most of the 19,000 events which Dr. Latter men- 
tioned yesterday would occur in those seismic areas. Fortunately, I 
believe that the salt domes occur in sedimentary rocks where the 
earthquakes occur in the mountainous regions, so there would not be 
very much overlap between the possibility of a salt dome decoupled 
explosion and the natural earthquake regions. 

So of the 19,000 unidentified events, most of them would occur in 
the mountainous regions and there would be many fewer expected in 
regions which might also have salt domes. There are a number of 
the features of the seismogram which may with further research be 
used to identify earthquakes. 

I could not at present say what features are reliable indications of 
earthquakes. I do not think anybody can. 

Representative Ho.irietp. In other words, there is no way of 
detecting at this time between a nuclear explosion and an earthquake 
as far as identification is concerned. 

Dr. Roserts. Not at this time, but I think there are many promis- 
ing leads that could be followed up. 

Representative Honirietp. You showed us pictures here which 
look like rather crude or primary types of instruments. Would you 


say that our present research and development program is adequate 
or not? 


Dr. Roserts. I would say it was not. 

Representative Hourrietp. By a factor of how much? 

Dr. Roserts. I think when two men have done a large share of 
the country’s work for 10 years, that shows that the research program 
is primitive. 

epresentative Houirretp. Is there general consensus of opinion 
that the research and development in this field is lacking and that a 
vigorous and aggressive program should be initiated? 
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I conclude from the nods of the witnesses that they are in agree- 
ment on this. If there is anyone in disagreement, let him speak up 
at this time. 

Representative Hosmer. Mr. Chairman, I think when we say 
whether it is adequate or not we ought to define what the test is. 
Are you speaking, Dr. Brown, of a program that is adequate to 
develop a system that does not now exist that would be adequate to 
produce a high probability of detecting cheating? 

Dr. Roserts. I would say that the program as it is now conducted 
is perhaps adequate for basic seismology. There is no tremendous 
hurry about it. But for the last 5 years, at least, we have known 
that seismic detection would be an important element in the nuclear 
test ban and there has not been a corresponding acceleration of the 
seismic work. 

Representative Hosmer. In other words, we do not have the 
knowledge now to actually be sure about any systems that are under 
discussion at the present time? 

Dr. Roserts. We are not sure of any system which can positively 
identify earthquakes and explosions. | worked on problems which 
at the outset looked almost impossible, like the proximity fuse and 
the guided missiles looked very difficult. But this one looks very 
promising. 

With a reasonable amount of work, I should think it would be 
quite possible to set up operational test networks. Any time an 
earthquake comes along you go out to the same place and shoot an 
explosion so that you can calibrate your transmission path and begin 
to recognize the characteristics of earthquakes as distorted by the 
transmission medium, more or less like a handwriting expert. 

To most people signatures look pretty much the same. A hand- 
writing expert can tell right away what the signature is. 

Representative Hosmer. Then this particular graph that was taken 
by the honeymooning students, having run the thing out over a 
24-hour period, produced a number of movements in a line that would 
be undetermined as to their origin; is that correct? 

Dr. Rosrerrs. We have instruments like these running con- 
tinuously, some in Peru where there are earthquakes, some right 
around here where we detect quarry blasts. Those continuous records 
show disturbances. 

Representative Hosmer. Yes, but I am talking about reading these 
records. Can they be read so that you know what is indicated, or 
are there passages in the tape that cannot be interpreted? 

Dr. Roserts. At present you get a signal like this and you are 
not sure whether it is an earthquake or an explosion. I have noticed 
in the records from Peru that their characteristic shape is a small 
signal out here followed by a considerably larger signal when the 
shear wave arrives. 

In these underwater explosions, the shear wave is almost negligible. 
In the quarry shot the shear wave is almost the same as the compres- 
sional wave. Just by looking at these records you get some idea of 
a means of identification. That is not good enough. It will take a 
lot more work. But there is an indication that work will be fruitful. 

Mr. Chairman, I have a short prepared paper on seismic detection 
explosions that I would like to place in the record here. 
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Representative Hoxirretp. Without objection we will place it in 
the record. 
(Dr. Roberts’ paper follows:) 


SEISMIC DETECTION OF EXPLOSIONS 


By Richard B. Roberts 


Good seismic records have been obtained with portable field equipment located 
200-300 kilometers from 2,400-pound explosions. Permanent stations equipped 
with arrays should give even better records. To obtain these results it is necessary 
to choose sites which are well coupled to the earth and which aave a low noise level. 
A network of seismic stations located at good sites roughly 400 kilometers apart 
(closer in regions of high attenuation) should be capable of detecting explosions 
giving the same seismic signal as these 2,400-pound shots. In addition a 400- 
kilometer network (after calibration with numerous 1-ton test explosions) should 
be capable of locating seismic events with precision. This precision makes onsite 
inspections more acceptable and more valuable. Allowing for less than optimum 
conditions 10-ton explosions (3 kilotons if decoupled) should be detected and lo- 
cated with considerable certainty by such a network. 

Identification of the source of seismic signals is a more difficult problem at 
present. The signals are repeatable and carry information concerning their 
source but they are distorted by transmission through a nonhomogenous medium, 
\ccordingly many of the features of the signals are due to the transmission path. 
Further research, including the operation of a prototype network, is needed to 
determine which characteristics of the signals might give reliable indications to 
distinguish whether the source is an earthquake, a surface explosion, a deep 
explosion, or a decoupled explosion. 

When an operational detection network is established, all blasting for industrial 
or mining operations should be reported in advance and timed. Such blasts 
would provide valuable calibration data for the system as well as information on 
the structure of the earth. 


Representative Hotirretp. I am going to call on Dr. Teller at this 
time because he has to leave at 11 o’clock. Dr. Teller, do you have 
any comments to make on Dr. Roberts’ or any other witness’ testi- 
mony since the hearings began in relation to underground tests? 

Dr. Tetter. I am a little hesitant to talk. I would be happier if 
it were possible to talk later because I feel that the few seismologists 
among us who have worked on this as a full-time occupation should 
express their views. 

Since this is probably really my last chance to talk, I would like to 
take your kind offer and just say a very few words about the direction 
in which my worries lie. 

The number of events about which Dr. Roberts is talking amounts 
to many thousands within the Soviet Union. I heard estimates as 
low as 15,000. I heard estimates as high as 80,000. There is a little 
experience about the signatures of these little disturbances, about the 
noisiness in the earth’s crust. But we are looking for needles in the 
haystack 

It will be important to know how many of these earthquakes can 
be anomalous—producing, for instance, only outward first motions. 
If you say you want to go back to the place and make an explosion, 
then again we would have to reproduce thousands of explosions and 
investigate carefully in each case. 

Dr. Roberts has been talking, as I understood at least in part, about 
explosions in water. He has said, and it is known to all of us, that 
water is one of the best media in which to couple. Therefore, having 
clearly observed, a water shot is not as encouraging for other shots as 
it would at first appear. 
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Dr. Roberts and Dr. Bethé have made a very excellent point in 
saying that we have heard here only evidence about decoupling in 
salt domes. Therefore, we have to worry only about the relatively 
small number of events which happen to occur in areas in which salt 
domes exist. 

However, apart from salt domes, there are other cavities under- 
ground which one might utilize. Furthermore, excavation procedures 
in other media can be worked out which need not be as expensive as 
excavation from hard rock. Limestone is a very generally distributed 
material. I have had occasion to talk with some of my friends in the 
oil indultry who claim that one can excavate from limestone relatively 
cheaply by the double process of first heating, burning out the carbon 
dioxide from the limestone, and converting it to lime, and then washing 
out the calcium oxide which is soluble in water. 

There has been very much less interest in this kind of work than in 
the salt dome work, and, therefore, estimates of how much it will cost 
are not readily available. 

Whether this will be twice as expensive or three times or five times 
or perhaps even not more expensive than excavations from salt domes 
we do not know. But if we are facing people who are willing to go to a 
little expense, an expense comparable to the many millions of dollars 
which we have spent on normal testing, it is by no means safe to 
restrict our attention to areas of salt domes. 

I would also like to say with respect to Dr. Roberts’ testimony, 
that I hope you will pay very careful attention to how many inspections 
will be needed and what areas will have to be inspected in order that 
the net which Dr. Roberts has been proposing should be operative. 

I believe that it will turn out to require several inspections per day 
in order to convert this system into a reasonably reliable one. 

I would now like to say a word or two about the very well thought- 
out procedure that Dr. Bethé had presented vesterday, which I think 
is in a little contrast with the one which you have heard about today. 

Dr. Bethé’s numbers are the same as the numbers we are using. 
There may be little differences. I am not even sure whether he has 
been more optimistic or more pessimistic than we are. He has made 
obviously a very serious effort to be objective about this point. 

I would like to make two little comments about his statement. 
One is that this procedure, if it is implemented with the 600 stations, 
could indeed be worked out to detect explosions down to 20 kilotons. 
Below 20 kilotons no capability has been claimed, and if you want. to 
claim for it a capability below 20 kilotons, then I believe the difficulties 
in that case, too, will have to be considered quite seriously. 

Here, therefore, we have a system requiring 600 stations in the 
Soviet Union alone, and many thousands of stations throughout the 
world, if you want to make it a really international system, which 
will then have, according to our present knowledge, a threshold of 20 
kilotons. 

This threshold can then change in the future downward if, as Dr. 
Bethé hopes, the methods of detection will be improved. It can 
change upward if some of those admittedly hypothetical decoupling 
methods I mentioned yesterday, should work out. 

In that case the same network will still be usable, but not down to 20 
kilotons, but only down to 50 kilotons. In particular, the number of 
inspections is, again, a very bothersome question. There are 5,000 
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events of which Dr. Bethé hopes to eliminate by direct observation 90 
percent, and then to eliminate many more by looking only into the 
areas in which there are salt domes. 

It is by no means clear that only the salt dome areas have to be 
looked at. Furthermore, the system of elimination is based on the 
idea that the first arrival has a positive phase. I have tried to 
indicate yesterday that research on several simultaneous explosions 
will quite possibly—in fact, I would almost say probably—confuse 
the signal sufficiently so as to make a nuclear explosion look more 
complicated and uncharacteristic. 

I think you should have clearly in mind the difference between an 
“arthquake and a nuclear explosion. The principle of the difference 
is that the nuclear explosion is something simple, which starts from 
one point and goes outward. An earthquake, instead, is a relatively 
complicated effect. By making more than one nuclear explosion, 
or more than one explosion—for instance, one decoupled nuclear 
explosion and then another normal explosion or two other normal 
explosions—-you can confuse the picture to an extent where untangling 
it will become more difficult. Of this I am sure. 

Whether untangling it in that case will be possible or not is some- 
thing which research will have to show, and there I agree with Dr. 
Roberts and everybody else—such research should indeed be carried 
out. 

I have two more very brief comments, sir, if you will bear with me. 

One is that all this amounts to one very simple point which we 
must clearly recognize. If we try to put in an inspection system, 
we can do it. The question is only one of the threshold. There is 
no sane, reasonable inspection system for which it would not be 
necessary to say that there is an effective threshold, be it the threshold 
of half a kiloton or 3 kilotons or 20 kilotons or 100 kilotons. 

The threshold on the present inspection system is perhaps near 

109 kilotons, but more testimony on it may change this number. 
It is possible, as Dr. Bethé has claimed, to lower this to 20 kilotons. 
I do not know whether or not this isso. It will depend on the number 
of inspections. 

I think to lower it below 29 kilotons is possible, but will be pro- 
gressively harder. This question of the number of inspections and 
the spoofing, the complicated shot, should be carefully estimated. 

I would like at the end to make the statement that shots under 20 
kilotons—in fact, shots even under 1 kiloton—are exceedingly im- 
portant for the development of the tactical explosives about which 
we have been talking yesterday. I think I can say in a completely 
open fashion that the great majority of our recent shots have been 
in the small kiloton and the fractional kiloton region, not because 
of any other reason except the reason of the necessity of developing 
tactical instruments. We have realized more and more clearly the 
need for these weapons and the Armed Forces are realizing more and 
more clearly the same need. 

One more little comment. Dr. Roberts has correctly referred to the 
fact that he has solved difficult problems in his life. I have seen him 
tackling these problems and he has done a wonderful job, in proximity 
fuses and in many other fields. 

But I have seen many other people equally excellent as he is, and 
perhaps even more excellent, being licked in trying to do something, 
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namely, to be heard in a noisy room. The earth’s surface happens to 
be a rather noisy medium in which all kinds of things are going on. 

That under good coupling conditions in water, when you know your 
surrounding, you can produce clear signals is correct. The great 
number of processes, many, many thousands in the Soviet Union alone, 
from which we will have to distinguish the real nuclear experiments, 
this fact alone is something that to me looks very frightening. It will 
at best require a very great and a very worthwhile scientific effort. 

Thank you very much, sir. 

Representative Honirietp. You are welcome, sir. 

As long as you have mentioned Dr. Bethé, I think I should ask him 
to reply in your presence, if he cares to, to any technical point which 
has been raised 

Dr. Bernt. I want to make only one comment for clarification. 
Dr. Teller talked about 20 kilotons and 100-kiloton thresholds. I 
think one should add that some of these figures refer to decoupled shots 
and some refer to coupled shots. 

Dr. Tretter. I have tried to talk about decoupled shots, and it is 
these decoupled shots we are discussing here. When Dr. Roberts has 
talked about 1 ton or 10 tons or 20 tons, those were always coupled 
shots. When Dr. Bethé and I talked we were talking about decoupled 
shots, which helps to bridge most of this gap and it is a very important 
one. 

Dr. Bernt. The system I was discussing in particular is 20 kilotons 
decoupled. 

Representative Hoxtrretp. Were there any other points? 

Dr. Beru®&. I am interested in the limestone suggestion. I want to 
repeat one thing which I said yesterday, that any attempt to build a 
large cavity is always a major operation. If you can merely locate the 
position of the signal, you may know from other evidence whether 
major operations in this area have been going on. 

Representative Hottrretp. Is that all? 

Dr. Berué. That is all for the moment. 

Representative Horirretp. I think we should ask Dr. Oliver now, 
who is a seismologist, to comment on anything that has been said from 
the standpoint of your expertise. 

Dr. Ottver. I am a specialist in a slightly different kind of seismol- 
ogy than has been discussed so far. I work mostly in the long-period 
range of seismic waves. In this field at present we have very little 
data, so we have been unable to say much about the whole problem 
from the long-period standpoint. 

Representative Hotirreip. Will you explain what you mean by the 
“long-period”? 

Dr. Oxtver. By “long-period” waves I mean waves that have pe- 
riods of the order of 5 seconds or greater, or wavelengths which would 
be of the order of 30 or 40 or 50 kilometers or greater. We have some 
data from the nuclear explosions Blanca! and Logan recorded on 
relatively poor instruments. However, with this data we have gotten 
very encouraging results. 

The long-period waves have the advantage of simplicity. They 
are much more simple and easy to understand than some of the 
complex waves you have seen on the seismograms today. We now 


1 Underground nuclear explosions of the Hardtack II test series in Nevada in the fall of 1958. The yield of 
the Blanca shot was 19 kilotons while the Logan shot was 5 kilotons. 
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have techniques by which we can extend the long-period waves back 
into the source region and gain information about the source from the 
long-period wave. Essentially, what we lack is data and testing of 
this technique, so it does look very promising but that is the present 
status of that particular technique. 

Representative HouirieLp. Would you be of the opimion that in 
order to perfect your data that you should have both nuclear and 
chemical explosions? 

Dr. Outver. I think you could test the long-period techniques 
adequately with only chemical explosions, although they would have 
to be very large ones, of the order of a few kilotons. 

Representative HouirreLp. Are there any comments from any,of 
the members on what has been said? Dr. Romney? 

Dr. Romney. I would like to rise to Professor Teller’s bait for an- 
other full-time seismologist to speak a little bit. The point of my 
comment, I think, is to, in effect, say that I believe the kind of system 
Professor Bethé talked about is really the one required; that is, with 
spacing of the order of 200 kilometers rather than 400 kilometers, 
and the reasons are primarily very similar to what Professor Teller 
mentioned: These signals recorded at 200 to 300 kilometers are quite 
correctly stated to be completely adequate for detection. 

Representative HouirieLp. For detection or for identification? 

Dr. Romney. For detection. They are at the same time inade- 
quate for identification. The inspection problem really is involved 
here. In order that this system be an effective one, you really must 
identify a very high proportion of these records. 

At the present state of our knowledge, using high-frequency infor- 
mation, I believe the only significant technique we have for identifi- 
cation is the measurement of the direction of first motion. 

I believe in this particular characteristic the records are not ade- 
quate. You can make major improvements in the detectability of 
the first motion simply by decreasmg the spacing slightly in the direc- 
tion of Dr. Bethé’s proposal because of the very rapid increase in the 
seismic signals as you get closer to the source. 

One other point which was mentioned is that this technique will 
give very precise locations. I think this is true only under very special 
circumstances. It is really not too pertinent to say that the time can 
be measured to a tenth of a second and, therefore, the location can be 
determined within 1 mile. Times on all kinds of records can be 
measured. 

Senator HickeNnLoorer. Are you talking about water explosions? 

Dr. Romney. Yes; water explosions. The times on virtually all 
seismograms that we now have can also be measured to a tenth of a 
second. This does not mean that the location is good within a mile. 
The reason for this has nothing to do with the precision with which 
you can measure time, but, rather, the reason is related to the fact 
that the travel times themselves vary with position on the earth’s 
surface. ' 

So that although this time is precise to a tenth of a second, there 
may be a time difference at two locations at the same distance which 
can exceed a second. 

Representative Houir1etp. In other words, the speed of the vibra- 
tion may be different. 
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Dr. Romney. The speed may be different in different directions, 
We know many parts of the world where anomalies of 2 seconds exist. 
Representative Hosmer. Is that due to the media? 








































Dr. Romney. Yes, sir. That is due to the kinds of rock and the 
stratification of the rock. t 

Senator HickENLOoPER. Water is pretty much of a constant as far 
as density is concerned? 

Dr. Romney. Yes. I do not think he was talking about a shot 
observed in water. In this case you could get a very precise location. c 
But for a shot in water observed on land I do not think you can get i 
a very precise location. b 

Senator HicKENLoopER. In other words, the earth’s crust is com- c 
posed of very dissimilar elements as you go through it. 

Dr. Romney. Yes. 

Senator HickeNLooprer. And the impulse would either be slowed m 
up or speeded up depending on the composition of the area through cl 
which it traveled; would it not? gi 

Dr. Romney. That is right. I think you will significantly improve by 
the locations by having more stations and having them closer. But 
I do not believe you will improve them to 1 mile unless you are will- f th 
ing to go in afterward, after you have observed the event, and fire be 
an explosive charge in that area to determine what the anomalies are. > 22 

Senator HickENLoorEeR. You say “closer than 1 mile.” Are you 
still talking about water shots: tic 

Dr. Romney. No, sir. I am talking about shots on land. ha 

Senator HickENLooprR. Are you saying, then, Doctor, that it is Pe 
feasible at this time to locate the point of suspected event anywhere} TU 
within the vicinity of 1 mile: a | 

Dr. Romney. I think it is not feasible to do that unless you have | 
prior experience with explosions fired in the same region or subsequent | 
experience with explosions fired in the same region. ni 

In other words, if you simply record signals, I do not believe youf ify 
will know where they originated within a precision anywhere near 1— sho 
mile. It will be more like 5 miles unless you have had an explosion 1 
previously fired in the same general region or unless you are willingf TO 
to go in afterward as part of your inspection and fire a shot in that} ™ : 
region. app 

Senator HickeNLooper. Within 5 miles, assuming that is a radius, bon 
that would be 100 square miles? 1 

Dr. Romney. Seventy-five. app 

Senator HicKeNLooper. Somewhere in the circle. I was justg Pros 
taking the square instead of the circle. I have forgotten what facto This 
you apply. rs carr 

Dr. Roperts. I agree with Dr. Romney about the precision. I H 
my written statement I said ‘‘after numerous calibration shots.” a gre 

Dr. Romney. Yes. worl 

Dr. Roserts. The other point I want to mention is that I broughf Mile 
this record of a shot in water because it was from the Alaska trip wher _ In 
I was one of the observers. We have about equal experience wit to be 
quarry shots. I do not think the point whether it is shot in water a | we 
in a quarry should be too much stressed here. and « 

Dr. Berut. Excuse me. What is the ratio of the signal from a 

ron 





quarry and water? 
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Dr. Roperts. It varies considerably from one shot to another. 
The quarry shots are often calculated to move earth. There are all 
different kinds of shots in the quarry. The usual sort of rule-of- 
thumb factor is that a quarry shot will be five times less effective than 
the water shot. Some are even less effective. 

Representative HotirieLp. That is considerable, five times. 

Dr. Roserrs. Yes. We put ina factor of 10 to care care of that. 

Senator HickENLoorErR. Dr. Roberts, the whole basis of the dis- 
cussion here on detection and identification is not based upon an 
incident which occurs under ideal conditions and known conditions, 


but is based upon the determination of someone to conceal it and to 
confuse. 


Dr. Roperts. Yes, sir. 

Senator HickenLoorgEr. So I am not so sure that we can go too 
much on a classic set of conditions because anyone that wants to 
cheat would try his best to fuzz it up some way. So it would not 
give the answers which might otherwise be given if it were in a known 
type of earth structure. 

Dr. Roserts. We have heard decoupling discussed at length, and 
that it will reduce the amplitude of the signal. So all of these num- 
bers take that into account. The decoupling is uesd to reduce the 
amplitude. 

There is no way to affect the precision of location. The identifica- 
tion is more difficult, certainly, than getting a precise location. But 
having a precise location is the first step, and knowing what has hap- 
pened. If it is in some area where there is no possible access, you can 
rule it out just from that point of view. But knowing the location is 
a long step toward detection. 

Representative Hourrreitp. Dr. Beers, would you like to comment? 

Dr. Brerrs. Yes, sir; Mr. Chairman. 

I would like to introduce a slightly different note into the discussion, 
if you will permit me. If you do not mind, I would like to tell you a 
short story. 

This is about an old prospector who had spent all his life going 
around the country and searching for rich treasure and had managed 
to save some out of what he had found. Then at the end of what 
appeared to be an ordinary career for a prospector, suddenly a great 
bonanza was discovered in Canada. 

The base metal deposits of eastern Canada and New Brunswick 
appeared to be fabulously larger than anybody anticipated. So the 
prospector decided he would go up and stake out his claim in this area. 
This prospector was not, such as you might imagine in the gold rush, 
carrying a pick and shovel. He had tools which were different. 

He employed airplanes and helicopters and electronic devices and 
a great many experienced scientists who helped him in his prospecting 
work. Over a period of about 2 years he covered about a million square 
miles along the Atlantic seaboard from Canada to Georgia. 

In the midst of this, after he had made many discoveries of anomalies 
to be evaluated, the base metal market went down very, very low and 
it was no longer economically feasible for this prospector to go ahead 
and dig out his ore. 

This has a bearing on the problem before us because we are con- 
fronted with many problems here, one of which is numbers. This 
prospector discovered, in exploring a million square miles, something 
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like 10,000 anomalies that had to be evaluated. This meant that he 
had to go on the ground with his scientists and with his geophysical 
equipment and examine these at great expense and great effortland 
great time. 

After the period of examination was completed, he had in hand 100 
prospects which were worthy of drilling and seeing if the ore was rich 
enough to dig out. But, as I said before, in the midst of this whole 
program, the base metal market made it economically unprofitable. 

What was he to do? One day a prospector of the old variety came 
into his office and laid a piece of ore on his desk. He looked at it with 
interest because it was a sample of nickel ore which at that time had 
remained in a stable price market. It was a piece of primary nickel 
ore which had not been generally known to occur in the United States. 

So the prospector redeployed his equipment and people and investi- 
gated this deposit of nickel ore. ‘The elements which are comparable 
to our present problem are these: We have gathering power for a 
tremendous amount of information in our slsidinnnie net. In the 
onsite inspection teams we have also the ability to gather a great deal 
of additional information. ; 

The point of the story which I wish to make is that in spite of all 
these scientific efforts, the advent of intelligence by bringing a piece 
of ore in from a prospector who had not employed all these methods 
was probably more significant than all of the scientific effort which 
he had carried out. 

It seems to me that in our discussion here we are losing sight of a 
part of our program, which is the onsite inspection program, the 
purpose of which is to enhance the significance of questionable anom- 
alies that may be detected by the teleseismic net. 

There may not be a complete evaluation of each event at the time 
it is examined, but the effort of the teams which are working on it 
to bring it to a successful conclusion may have as much significance 
as all the other items which we have considered together here. 

Senator HickENLOoPER. Dr. Beers, do I understand the point of 
your discussion goes back to the old bridge theory that one peek is 
worth two finesses? So after all is said and done, we can have a lot 
of scientific data, but the proof of it is the actual onsite proof; is 
that correct? : 

Dr. Beers. Yes. The point I am trying to bring out here is that 
we should not lose all hope of the capability of the system which has 
been proposed by the various experts in the field. 

Senator HickENLooPER. I agree we should not lose hope, but we 
should not be unduly optimistic about it either, so far as its present 
ability to solve some of the very pertinent problems in this field is 
concerned. 

Dr. Brrers. Let me be specific. May we consider Professor Bethé’s 
suggestion, forexample? May we consider Dr. Romney’s suggestion? 

It seems to me that these are all pointed to an improvement of 
capability which, if it is realized, will place us in a quite different 
position than we stand at the present time. Therefore, the program 
of research which has been recommended by the many experts would 
enhance capability above all estimates at the present time. 

Representative Hoxirievp. I would like to dissect your story just 
a minute and say this: It depends upon the old prospector being 
allowed to go out and use his pick and shovel and bring in the piece 
of nickel ore which the scientists did not discover. 
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We face a very tight problem along that line in obtaining informa- 
tion from behind the Iron Curtain and obtaining access behind the 
curtain. Therefore, we are dependent, as far as I know—I would 
say 99.9 percent—upon some type of electromagnetic or seismic detec- 
tion system, because it is a plainly known position of the Soviet Gov- 
ernment that they do not allow people to roam around in their country. 

We are going to get onto the onsite inspection procedures. We 
recognize that the installation of 600 stations and the corresponding 
personnel and the willingness of the Soviets to allow inspection teams 
to go out to inspect suspicious events; all of these things are political 
problems. That is true. 

We have no competence to go into the political problem at this 
time. So, therefore, we are directing our attention to the scientific 
detection techniques which are possible at the present time and also 
the desirability of improving them and how they can be improved 
for the future. 

For instance, if Dr. Bethé’s request for 600 stations, or Dr. Roberts’ 
request for 125, is denied, and you are only allowed 5 stations, the 
problem is solved immediately. You have no detection capability. 
But this is something that we cannot do anything but speculate on 
because the negotiators have never gotten to the point of decision in 
this field. 

Representative Hosmer. Getting right down to that old prospector 
and nickel ore, he found it as a matter of luck. Was that not it? 

Dr. Brerrs. The point I wanted to make is that we have other 
factors which may be significant. 

Representative Hosmer. Essentially you are telling us that we 
should trust to luck on finding these things. 

Dr. Beers. Not at all. What I am saying is that there are other 
factors to enhance the capability than those presently considered. 

Representative Hosmer. When the old prospector walked in with 
a piece of nickel ore, into this old fellow’s office who had done all the 
work, how old and nearly dead was the old fellow who had done all 
the work? 

Dr. Romney. I think Dr. Beers should be identified as the old 
prospector and he looks far from dead. 

Representative Houtirietp. May I call on Dr. Orear now? Do 
you have any comments to make at this time, sir, on what has been 
said, or any other comments you wish to make? 

Dr. Orear. I think maybe I could make two short comments. 

In comparing the existing Geneva net of 180 stations with the one 
proposed by Dr. Bethé, the existing one would give us about 100 
unidentified events above magnitude 4.75; whereas Dr. Bethé’s would 
give us about 500 unidentified events down to a signal level 300 times 
lower. 

In other words, Dr. Bethé has given us a system which is 300 times 
better than the Geneva net we are now thinking of. The question 
has arisen, this increase in the number of unidentified events is a 
serious problem. 

I would like to make one small point: that perhaps it is not as 
serious as we think. I say that because this problem of the onsite 
inspections is mainly a problem of exploring in detail a certain number 
of square miles of the Soviet Union. 
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If you figure it out in terms of the number of square miles that have 
to be looked at, it is about the same. If calibration shots are used in 
setting up Dr. Bethé’s net, the area of uncertainty can be reduced 
from 100 square miles to about 1 square mile. 

So in terms of access to the Soviet Union that we are asking for, 
we are asking for roughly the same number of square miles. We 
would like to have more on site inspections, but over a much smaller 
area for each on site inspection. ‘That is my first point. 

Then I have a second point. The comment that Dr. Teller made 
when he said shots below 1 kiloton are exceedingly important. This 
is, of course, a political judgment which is outside my field. 

Representative Hotirietp. Why would that be political? Dr. 
Teller is probablv one of the outstanding weapons experts in the 
United States. When he said that a 1 kiloton shot would be valuable 
from the standpoint of developing tactical weapons, why do you say 
that is political? 

Dr. Orrar. That is not political. The political judgment is judg- 
ing how important it is to improve our tactical devices below 1 kiloton. 

Representative Houirrevp. That is a different problem. 

Dr. Orrar. None of us here can make that judgment. 

Representative HoutirreLp. We are not going into that problem in 
these hearings. This may be his opinion. I took his statement to 
mean that from a technical standpoint a kiloton explosion was im- 
portant in developing weapons. 

I know well his position, but I did not take it to mean that he was 
saying politically that we should have this. He was speaking from 
a technical standpoint as I understood it. 

Representative Hosmer. Dr. Orear, the high-yield technology is 
better known than the low-yield technology in these devices, and as 
a consequence, it would be reasonable to expect that the testing area 
would be in the low yield and.not the high yield; is that it? 

Dr. Orear. Yes. I am just raising this political question, which 
we cannot answer, just what would be the value if the Russians could 
secretly test that low? 

Representative Hosmer. Insofar as they are concerned, maybe 
they do not care about anything but a great big, dirty, clobbering 
device. They would have no reason to do any more testing than 
they have done. 

Dr. Orear. Dr. Teller’s comment that there will always be a 
threshold, I think, is a good one. This means no matter how the 
detection improves or how the. concealment improves, there will 
always be a threshold. It will probably be somewhere in the kilo- 
ton region. 

I think in talking with Dr. Teller and reading what he has said, no 
matter where this threshold is, whether it is at 1 kiloton or 100 kilo- 
tons, or even a fraction of a kiloton, he would always be opposed to 
a test ban treaty. 

Representative Houirretp. That does not enter into the problem. 
We know he would be opposed to it. The problem we are considering 
is can a test of a certain number of kilotons be held without detection 
or identification? It is a technical question. 

Dr. Orear. Yes. This is a technical answer we can all give you 
immediately. We can say there will always be some threshold. There 
will always be some small yield that we cannot detect technically. 
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Representative Houirretp. The weight of the testimony up to date 
certainly does establish that point. 

Were there any other points you had? 

Dr. Orzar. Not now; no. Thank you. 

Representative Hotirretp. Dr. Carder, do you have anything to 
say on the comments that have been made? 

Dr. Carper. I agree with most of them. In the first place, you 
cannot under present capabilities identify whether or not most of 
these seismic events are earthquakes or nuclear or manmade ex- 
plosions. 

I have looked at quite a few records. At first I thought that one 
could differentiate between an earthquake and an explosion, especially 
if the seismograph was within 200 or 300 kilometers. I thought by 
looking at the records from these explosions that they had a different 
appearance from the records of most earthquakes. 

Representative HonirreLp. These are explosions in the air? 

Dr. Carper. These are explosions in the air. But as soon as I 
saw records from underground explosions, I had to change my mind. 

Representative HouirieLp. What is the difference between a 
nuclear explosion underground and a high-order chemical explosion 
in the seismic reading? 

Dr. Carper. As far as I am concerned, there is none. There is no 
way of identifying the two. 

Representative HouirreLp. We have had testimony that there is an 
upward motion of the seismographic needle in one instance and an 
initial downward movement in the other if you catch it on the initial 
movement. 

Dr. Carpper. Are you referring to a nuclear explosion and high 
explosive? 

Representative HouiFIELp. Yes. 

Dr. Carper. In the case of a nuclear explosion, on account of the 
speed of the thing, the reflection may give a downward flip. Is that 
what you mean? 

Representative Hotirretp. That is what I mean. 

Dr. Carper. We do have one case from one of the Nevada under- 
ground nuclear explosions, where we looked at the record from about 
250 kilometers away. The first motion was definitely down on that 
one. 

Representative Hotir1eLp. You say one. We have had six tests 
out there. 

Dr. Carper. Yes. The rest were up. 

Representative Ho.irieELp. The rest were up? 

Dr. Carper. The rest of them were up. 

Representative Hotir1eLp. Is that so? Is this the general con- 
sensus of opinion? If it is, it is new to me. 

Dr. Brown. The close ones were up. 

Dr. Larrer. At the near-in stations. 

Representative Hotirretp. How about your stations at identical 
distances? Further away I mean. Are they always down further 
away? 

Dr. Brown. No, sir. Some of them were up and some were down. 

Representative HoLirieLp. Then you have no clear signature on 
either type of explosion, do you? 
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Dr. Brown. If you get close enough in, I think the evidence is that 
the first motion will be upward, with a few anomalies. 

Dr. Carper. Yes. 

Representative HotirreLp. How close is that distance? 

Dr. Brown. It depends on the yield of the explosion, but generally 
within a 700-kilometer range, a 20- or even a 5-kiloton explosion tends 
to give an upward motion. 

Representative Hourizetp. And therefore, a downward flip. 

Dr. Brown. No; upward. 

Dr. Carper. That is the case mostly. There is one out of six that 
was the opposite in the case of a station about 250 kilometers away. 

Representative Houtrietp. Would that occur on a multitude of 
stations? If you had a hundred-seismograph panel, would that 
characteristic be true of all of them or was this just due to a particular 
incident? 

Dr. Carper. I think it is due to the particular local condition at the 
instrument. 

Representative Hosmer. A geological anomaly that gave you a 
bounce? 

Dr. Carper. Yes; a geological anomaly. I would like to make 
another statement here in this regard. 

I have examined close-in records from the Hardtack II series in 
Nevada and found that about a quarter second after the initial arrival 
that there was a strong, oppositely directed movement. If this 
initial arrival were not strong enough to show above the background, 
this strong, later arrival would confuse the record. 

I am referring not to the high-frequency waves, but the ones which 
have a frequency of about one a second, or a period of 1 second. 

Representative Ho.irietp. Were these the type that were used at 
the Blanca shot? 

Dr. Carper. Yes. 

Representative Ho.irievp. Is this the chart you are referring to 
where the first substantial movement was—I do not know whether 
you would call this blip the first movement. 

Dr. Carper. I would call that the first movement. 

Representative Hotirietp. That is up? 

Dr. Carper. That is up. 

Representative Houtrretp. At 300 kilometers.* 

Dr. Carper. Yes. 


*Seismogram—“Blanca 300 km,”’ p. 207. 
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Representative Hottrretp. Then at 2,200 kilometers the same shot 
shows a down motion.* 

Dr. Carper. To most people; yes. In my own case I have looked 
enough at those things that I would call that “up.” 

Representative Hoxirretp. You would call it up? 

Dr. Carper. | would call it up, but most of the people would call 
it down. 

Representative Houirtevp. I long ago tried to quit reading X-rays 
that a doctor looks at and sees things that I do not see. I will not 
argue on that point. 

Dr. Carper. What I mean is that I am not the one who will read 
those records. Someone else will read them. What I see in them 
does not matter. 

Representative Hotirretp. So we have a little variable factor in the 
interpretation of the reader also to consider. 

Dr. CarpEr. That is correct. 

Representative Ho.irretp. It is not reduced to an exact science, 
and, therefore, the criterion of reading these recordings is not uni- 
formly agreed to; is that correct? 

Dr. Carper. That is correct. I would say there is quite a bit of 
intuition involved. 

Senator Bennerr. Mr. Chairman, beauty still lies in the eyes of the 
beholder. 

Representative Houirretp. Are there any general comments? 

Dr. Graves. 

Dr. Graves. I want to make a comment on Dr. Orear’s statement. 
Politically, whether you think a 1-kiloton explosion is important or 
not, technically I think it is important to state that you can do a 
lot of weapons development work below any threshold. The mere 
fact that you are working below 1 kiloton by no means restricts you 
to developing weapons which would be below 1 kiloton. 

One may do an experiment at one level and from that determine a 
weapon at a different level. I just wanted to make that one point. 

Representative Honir1eLp. So it is an established technical fact. 

Dr. Graves. I think there are a number of us here who can testify 
to that. 

Representative HouirieLp. That a test below 1 kiloton would be 
advantageous in developing small weapons? 

Dr. Graves. Yes. 

Representative Hourrretp. And that could be extrapolated to 
larger weapons? 

Dr. Graves. Yes. 

Dr. Brown. I want to reinforce what Dr. Graves has said, if I 
may. It would be my judgment that with a yield of 1 kiloton one 
could develop almost any tactical weapon that one had in mind up to 
quite a lot larger yield. 

Representative Honirretp. An extrapolated weapon, however, 
you would not be sure of its action until you tested it? 

Dr. Brown. I think one would in almost all cases be completely 
sure on the basis of tests as low as 1 kiloton, if one is talking about 
the tactical weapons field. 


* Seismogram—“Blanca 2200 km,’’ p. 209. 
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Mr. Ramey. You mean going up to say 20 kilotons? 
Dr. Brown. For example. It depends on the design of the weapon, 
of course. 

Representative Hoxirretp. In other words, the testing is not alone 
for the purpose of the size or the power of the weapon, but it also has 
to do with the configuration, the shape and the design of the weapon. 
Your testing is for that purpose as well as it is for the power of the 
weapon. 

Dr. Brown. One can establish the principles of operation in such 
a way that one can be quite confident of the behavior of systems with 
larger yields. 

Representative Houitrretp. Dr. Bethé, do you agree with that 
principle stated by Dr. Graves and Dr. Brown? 

Dr. Brerut. To some extent. I want to make two points: 

One is that this will be possible only for countries which are already 
very sophisticated in weapon design. It will not be possible for a 
new power entering the field. 

The second point is that while a lot of research could be done in 
the future, we have already a very large number of tactical weapons. 
I do not see the overriding necessity of going on and getting still 
more. We have them of all yields, as Dr. Teller himself pointed out. 
Many of the tests in recent times have been in this field. 

Senator Bennett. Mr. Chairman, while we may have a number of 
tactical weapons, if it were possible for countries, as they increased 
their sophistication, to add to their own supply of tactical weapons 
which they do not now have, is that not part of our problem? 

Dr. Bernt. This may be part of our problem. This is a complicated 
situation. 

Senator Bennett. To be specific, if we could be sure that today the 
Russians had the sophistication but not the tactical weapons and we 
permitted undetected underground explosions, is it not very logical 
to assume that if they saw the need for such weapons they could go 
ahead and develop them even though we might feel that we had a 
pretty good supply ourselves? 

Dr. Bernt. That is certainly true. I am sure the Russians have 
quite a number of tactical weapons, too, at the present time. 

Representative Hoxirietp. I believe we are getting a little bit off 
the technical field now. 

Dr. Bernt. Yes; I am sorry. 

Dr. Brown. I do not want to protract this discussion, which is a 
military-technical one rather than purely a political one. 

Representative Hotirretp. You are going to speak to the military- 
technical point? 

Dr. Brown. That is what we are all attempting to do, I think. 

Representative Hottrretp. We are not concerned in this particular 
meeting whether we should have tactical weapons or not. We are 
concerned with the technical possibilities of obtaining tactical weapons 
with an explosion which might be concealed, which is a technical 
question. 

Dr. Brown. That is correct, Mr. Holifield. I think that Senator 
Bennett has made clear that there are really two questions here only 
one of which really interests us in the present context. 

One can ask the question: ‘‘What does it profit each of two countries 
relatively to have tactical weapons?” We are asking here instead 
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another question: ‘“‘What happens if one country cheats and another 
one does not? What kind of relative advance can the first one make?” 
One can also ask another question, partly military and partly political, 
which we are not trying to answer: “How important is such an 
answer?” 

I think there is another comparison that probably ought to be made. 
I think Professor Bethé referred to it yesterday. I think my opinion 
does not quite coincide with his on the point. That is the question 
of what one can do with explosions in the range of, say, 10 or a few 
tens of kilotons. I would say that with explosions in the 10-, 20-, or 
30-kiloton range, one can make many advances in design of strategic 
veapons of very much larger yield. 

I will not make exactly the same statement as I made about 1 
kiloton relative to tactical weapons—namely, that one can make all 
the advances one can think of. I think this is a somewhat different 
situation. I think one is rather more limited in the advances that one 
can make in strategic weapons with concealed explosions in the 10- or 
20-kiloton range. However, I think a very substantial fraction of the 
advances that a country developing nuclear weapons might want to 
make in the strategic field could be made with such explosions. These 
two figures—one kiloton and 20 kilotons, I think—are fairly significant 
ones to examine, because as Dr. Orear has pointed out, there will 
always be a threshold. 

Actually there are two kinds of thresholds. There is a detection 
threshold, below which one can in fact not locate an event at all. 
There is another threshold higher than the detection threshold for 
any given system station spacing and given kind of instruments— 
which we can call the identification threshold. It is characterized 
by being the yield below which the system is swamped by the num- 
ber of inspections. 

Dr. Orear, I think he may have failed to hear what Dr. Romney said 
previously, which was that even with the closer spacing one does 
not reduce the size of the area to be inspected unless one knows the 
travel times very much better. It is not the uncertainty in estab- 
lishing the arrival time. I only bring this up to explain why a large 
number of inspections can very well swamp the system. 

One must also, as Dr. Bethé and Dr. Teller both said, consider 
things in terms of the decoupled shots, and for any amount of de- 
coupling one has to change the threshold accordingly. The system 
which Professor Bethé recommended yesterday with the 200-kilometer 
spacing, 600 stations, in the Soviet Union, I think he would charac- 
terize as having an identification threshold somewhat below 20 
kilotons. 

Representative Houirretp. Dr. Bethé, did you agree to that? 

Dr. Bernt. Yes. About 20 kilotons. 

Representative Houirretp. Now, could I ask you at that point, 
Dr. Brown, do you agree with Dr. ’Bethé that with his 690 stations 
in the U.S.S.R. and "5,000 events, that 90 percent could initially 
be identified as earthquakes, leaving 500 for further identification? 

Dr. Brown. So far as one can tell from these numbers, I think 
that is probably correct. I would like to point out that this is based 
on a decoupling factor of 300. The decoupling factors can change. 

Some of the methods that have been proposed may not work, 
although I would like to interpolate here the remark that the experi- 
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ments which Dr. Penney did were not with graphite, but with alumi- 
num, so they may not be applicable in disproving the usefulness of 
graphite as a heat absorber. 

Some calculations done at my laboratory would indicate that one 
can get a factor of three increase in decoupling factor merely by 
stacking a lot of graphite in solid blocks, which are known to exist 
around the explosive. So it may be possible to get another factor of 
three in decoupling that way. I think eventually it might be possible 
to get a factor of 10. 

Suppose one wants to keep the identification threshold where 
Professor Bethé set it for his system of 600 stations in the Soviet 
Union, and where I think I agree it is for a decoupling factor of 300, 
somewhere in the neighborhood of 20 kilotons. One would then prob- 
ably have to increase the number of stations by another factor of three 
(if the decoupling increases by a factor of three) according to some 
calculations that Dr. Richard Latter made. 

Representative Ho.irrevp. Is that 3 over the 21 or the 600? 

Dr. Brown. 600, although Latter points out that if the increase in 
decoupling is 10, then the increase in the number of stations will have 
to be a factor of 10, not 3. 

Representative Hoxirretp. Dr. Latter, will you state your opinion 
on that? 

Dr. Ricuarp Latrer. Yes, sir. 

Let me make a few remarks on this question of the capability of the 
600-station system. In point of fact, if it is possible to identify 
earthquakes by their rarefactive motions, then Dr. Bethé’s system 
would be an excellent system, even better than I think he suggested 
it would be. 

I would find very few events unidentified at the 20-kiloton de- 
coupled threshold. 

Representative HoLirreLp. You mean it would come down to 20? 

Dr. Larrer. Starting with 20 kilotons decoupling by a factor of 
300 would bring you down to about 70. tons, which Dr. Bethé was 
talking about. There is one unfortunate feature about looking at the 
identification in this manner, of looking for rarefactions from an 
earthquake. 

It is known that some earthquakes produce only compressive first 
motions just like explosions. It is not known exactly how many such 
earthquakes occur. One could make a very rough estimate of how 
many are likely to occur and this might be as much as 10 percent of 
all the earthquakes observed. 

This would mean that if you had 5,000 earthquakes, 500 of them 
would have only compressive motions and would be suspicious events. 
This would then correspond to Dr. Bethé’s number of 500. 

However, if you try to improve the system and add more stations— 
lower the threshold —you encounter a greater number of earthquakes. 
I doubt that you will identify all of these earthquakes. I think you 
will not do better than perhaps 90 or 95 percent identification, due to 
the residual earthquakes—the 5 or 10 percent of the total number— 
which have compressive first motions in all directions. 

So if you try to improve the system down to, say, 30 tons, where 
there are about 10,000 or so earthquakes per year in the Soviet ‘Union, 
you would be faced with about 1,000 unidentified events. 

Representative HouirieLtp. Dr. Brown? 
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Dr. Brown. I think to look at a slightly different possible thresh- 
old—I think we have been looking at 20 kilotons—suppose we look 
at 1 kiloton. At 1 kiloton I think it is very likely that one would be 
able to decouple by a larger factor than 300. It certainly gets easier 
the smaller the yield gets because these elaborate schemes scale in 
difficulty with the yield. As the yield gets smaller-——— 

Representative Hotirietp. The size of the underground hole 
would be smaller. 

Dr. Brown. And the amount of graphite or foam that you would 
put in, whichever of these ideas work. If one assumes a 3,000-fold 
decoupling of a kiloton explosion, then one is talking about a third 
of a ton. Suppose one wants to get the same kind of identification 
that Dr. Bethé was talking about for the 20-kiloton explosion de- 
coupled 300-fold. I made a calculation which indicated there is a 
factor of 20 increase in the number of stations due to the increase of 
yield from 20 to 100; there is a further factor of 10 increase due to the 
decrease in decoupling. 

One is talking about a total factor of 200 and that means at least 
200 times as many stations, perhaps more if Dr. Latter is right in 
what he says about the number of stations required going up more 
rapidly than the yield. 

This brings you down to about a 30-kilometer spacing, and this 
works out to about 120,000 stations, which is a pretty good network. 
All this means that one can get an arbitrarily good system by having 
an arbitrarily large number of stations. In fact one can have people 
at stations 10 feet apart and one could then get the threshold down 
very low. 

Representative Hotirreitp. Let us not go into that improbable 
situation. I doubt if the Soviets would like people every 10 feet. 

Dr. Brown. One can take any system one can get accepted (it is 
not clear what that system is) and calculate the threshold for it. All 
my previous calculation means is that Dr. Orear’s statement that the 
threshold will not go below 1 kiloton is almost certainly right. It is 
far above that with the present station spacing and understanding of 
seismology. 

The question is whether the threshold will go up or down. It will 
go down as you increase the number of stations, improve your seismic 
detecting apparatus, and learn more about the structure of the earth. 
It will go up as you learn how to decouple further. 

Representative Houirretp. Let me ask you a specific question. 
The Berkner Panel on seismic improvement predicted that the prob- 
able result of several years of vigorous research would be to increase 
detection capability by a factor of a few, assuming a fixed number of 
control stations. 

Is this the best prediction: I recognize that few is an indeterminate 
number. 

Dr. Brown. Probably some of the seismologists know the answer 
better than I, but I will try to answer it anyway. I think the best 
indication is, there will be an improvement by further work on seis- 
mological instruments and other parts of seismology, by at least a 
factor of a few. 

Representative HotirreLp. Could you come nearer than the word 
“few”: Could you say by a factor of 3 or 5? 
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Dr. Brown. Maybe that means 2 or 3 or 5. I think there is a 
small chance, but not a zero chance, that by such things as seismom- 
eters in deep holes, and so on, one may be able to get quite a bit larger 
factor than that, 10 or 50 or so. However, in establishing what the 
threshold will then be, if these efforts succeed, one must then ask how 
much change occurs in decoupling? 

Representative Houirietp. That is what I was going to ask you. 
If it can be assumed that we will increase our detection capability by 
a factor of 5, is that a reasonable number? 

Dr. Brown. I think it is reasonable. I would have to defer to 
other people. 

Representative Houtrretp. If so, what significance would the 
factor of 5 have on the factor of 300 on decoupling? 

Dr. Brown. Almost none. That is why Dr. Roberts and Professor 
Bethé have pointed out that to cope with factors of se »veral hundred 
in decoupling you must do something quite different that improving 
the seismic instruments at a given station. You must greatly decrease 
the net spacing. 

Representative Hotirietp. Do you agree with that, Dr. Bethé? 

Dr. Berne. Yes. 

Representative Hotirietp. You would have to increase the number 
of stations in that event? 

Dr. Beru®&. In order to cope with the 300 decoupling you obviously 
have to increase the number of stations. 

Representative Hoxirretp. If the present seismographs were im- 
proved by a factor of 5? 


Dr. Beruf. Clearly; yes. 
Representative Houirrrenp. Dr. Urey? 
Dr. Urey. I think this discussion is very interesting, but I would 
like to propose a somewhat different ee 
a 


We have been talking a great deal about how many stations we 
need in the Soviet Union. { would like to ask how many we think 
we need in the United States? 

Representative Ho.irretp. I think some of the preliminary state- 
ments anticipated about the same number in the free world as in the 
Soviet Union. Is that correct, generally speaking, gentlemen? 

Dr. Urey. Let me tell you what I am thinking of. 

Representative HortereLp. We are thinking in terms of putting 
them 1,700 kilometers apart. 

Dr. Urey. I am thinking that in the very, very improbable event 
that we could get the President of the United States, this committee 
and the Atomic Energy Commission, a whole host of engineers and 
scientists to try to make a test after we had signed a solemn treaty, 
that it would be exceedingly difficult to hide any test for 6 months. 
All you need is the New York Times in order to find out what has 
happened. 

Representative Honirretp. You mean in the United States. 

Dr. Urry. In the United States. 

Representative Hortrievp. Or any other democratic country. 

Dr. Urry. Now, then, the problem we have in arranging a network 
with a threshold of this kind is simply this: The threshold finally 
becomes zero. This depends upon other things than these wiggly 
curves. I suppose that our inspectors, our people that man our 
stations, would not be completely isolated from the population. 
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They would speak the language. They would be able to observe 
other things than this. Finally there becomes a limit beyond which 
you cannot make any tests of any kind, but what they can be detected. 

So it seems to me that this committee should not be bound entirely 
by just a matter of seismology. But that they also should think in 
a somewhat different field than geophysics about how much com- 
munication of information to people occupying these stations can 
take place through other contacts that people make. 

Representative Hottrretp. You are speaking now of espionage. 
This is exactly what the Soviets are afraid of and why they will not 
allow the stations behind their border. 

Dr. Urry. Maybe this is the whole question. 

Representative Houirrevp. All right; but this is not a technical 
question. 

Dr. Urry. If you can break down that one single thing the problem 
would be solved. 

Representative HouiFtELp. This is not a technical question. 

Dr. Urny. That is right. 

Representative HotrrreLp. This committee is trying to get the 
technical facts on the line and we recognize that there is a tremendous 
body of political judgment that has to be utilized. We are not suggest- 
ing that this is the only field. We are not in the position on this com- 
mittee of holding these hearings for the purpose of passing judgment 
on the nontechnical field. 

Dr. Urry. I agree with that. 

Representative HotirreLtp. The purpose as outlined in our opening 
statement clearly defined that we are concerned with the technica 
scientific facts. The reason for having these facts is so that they can 
become part of the judgment to balance against the political judgments 
and judgments made for other reasons. 

Representative Hosmer. In other words, we are not in the field 
whether we should man these stations with lucky old prospectors. 

Dr. Urry. Mr. Holifield, I recognize what you say. However, as 
you will note, the number of inspection stations was growing so large 
in the recent testimony before the committee that I think it is time 
to recognize there are other types of observation. 

Representative Houirie.p. I think we do recognize that, sir. The 
only point is that we are not trying to control the testimony as to 
technical judgments. If the technical judgment says there needs to 
be 600 stations under certain conditions, we are not contesting that. 
We are not approving it. 

We are allowing that public expression to be put on the record. We 
are hoping any opposition ideas can be put on. 

Dr. Bethé, you have been seeking recognition. 

Dr. Berns. I would like to make some comment to Dr. Latter’s 
statement, and first to ask him a question: 

Assuming that the earthquakes do not have positive motion, how 
many unidentified events do you think I would have in my net? 

Dr. Larrrnr. Very small, essentially none. 

Dr. Bert. What is very small? 

Dr. Larrer. Like zero. Between zero and 1. 

Representative Hoxirietp. You are almost as particular about that 
“very small” as the Chair was about “‘a few.”’ 

Dr. Burnt. I just want to point out how conservative I am. 
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Dr. Larrer. I would like to suggest that maybe you are not so 
conservative because most of the capability for the system that you 
are talking about depends upon quite close-in stations. However, the 
stations that are close in for many earthquakes will see only one of 
the alternate rarefaction and compression zones. This is likely to 
mean even more than 10 percent of the earthquakes will show only 
compressions. This will leave a large percentage unidentified. [ 
chose 10 percent as a reasonable estimate. 

Dr. Beru®é. ‘This is my second comment. I don’t understand this. 
The stations would surround the explosion, would they not? 

Dr. Brown. Not if they were on the coastline. 

Dr. Berue&. I have never heard as high a factor as 10 percent for 
this before. 

Representative Houirretp. Dr. Carder, you have your hand up? 

Dr. Carper. I would like to ask a question. About that percent, 
are those stations distributed around the epicenter or are they all on 
one side? 

Dr. Larrrer. There are two effects on which I base my estimate of 
10 percent. One is that some earthquakes show purely compressive 
first motions. The other is that most of the seismic events in the 
Soviet Union occur on the Kamchatka Peninsula and Karafuto Island. 
Only 40 percent of the events occur in the Soviet interior. For the 
60 percent on Kamchatka and Karafuto you are faced with the prob- 
lem of having stations on only one side of the epicenter. 

Dr. Romney. I believe our experience which is based on larger 
earthquakes than we are talking about would indicate less than 10 
percent which give compressions in all directions. It would also indi- 
cate less than 5 percent but I cannot be much more specific than that. 
On the other hand, I certainly would not agree that any geophysical 
system will ever approach 100 percent efficiency. I say this for some 
of the reasons you have. In the first place, you cannot surround all 
of the epicenters, many of which occur on island chains or coastlines 
or borders of countries. In addition, at the frequency we are talking 
about—I believe your estimate was of the order of 20,000 earthquakes 
per year—this means 2 earthquakes per hour, and some of these are 
going to occur one on top of the other, resulting in extremely confusing 
signals. So your system will not be perfect. On the other hand, I 
tend to agree it will be very, very good. 

Representative Houtir1ELp. We have a question for Dr. Beers. I 
am risking you bringing the old prospector in when I ask it. What 
do you think of the probability of finding by drilling the core of radio- 
activity from an underground nuclear explosion in an area initially 
suspected by seismic readings where the suspected area is about 100 
square miles? 

Dr. Brrrs. This involves the whole question of onsite inspection. 
This means that you have by your teleseismic 

Representative HouirieLp. I am assuming that you have the right 
to drill. I said of the probability of finding it by drilling. We are 
not going into whether you have that right or not. I am assuming 
you have the right. 

Dr. Berers. What tools may I employ? Just the drill? 

Representative Hotirretp. Any on-site inspection tools. You 
usually use drills, I understand, if they are down in the ground. 
There is no eruption of gas or other methods of radioactive detection 
machines at the site at the time it occurs. 
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Dr. Brrrs. I am sorry you restricted my reference to the old 
prospector because he had something to say about it. 

Representative HoniFreLp. Go ahead and use it again. 

Dr. Brerrs. Let us take the figures which I gave you. This is like 
seeing 10,000 anomalies. You have to investigate every one of them 
before you can quit or until you find your goal. 

Representative Houiriretp. . I am talking to you now about one 
anomaly. Iam asking you if a suspicious event occurs and you have 
located the parameter of it within an area of a hundred square miles, 
what is the probability of finding out what happened there in that 
hundred square miles by drilling or any other electronic means. 

Dr. Beers. This probability is affected by each step that you take. 
It improves as you go toward the final goal. At the outset it is 1 in 
10,000. As you narrow it down you come to a smaller and smaller 
target and you gradually improve the probability. If you would 
stay with it, it will become a certainty. This is the secret of success. 

Representative Horirretp. Will you just give us what the pro- 
cedure would be? We have had a suspicious event occur within a 
hundred square miles. Let us make it a square 10 miles by 10 miles. 
How would you go in and what would you do, assuming it is 
underground? 

Dr. Beers. Having it narrowed down to 10 square miles? 

Representative HotirieLp. No, a hundred square miles, 10 miles 
on a side. 

Dr. Brerrs. Having it narrowed down to a hundred square miles, 
I would first employ a helicopter or a low-flying aircraft with geo- 
physical instruments aboard which would detect any possible artifact 
such as a casing or a piece of wire or any metallic substance which had 
been emploved in the explosion. I would employ aerial photography 
to a scale of 1 to 20,000, which would be used for precision examination 
from the air. 

If an event had actually occurred within the 100-square-mile area, 
my prediction is that this would narrow you down to a 10-square-mile 
area or perhaps two or three 10-square-mile areas. I would then 
recommend that you proceed to examine this 10-square-mile area on 
the ground in considerable detail. Dr. Foose has a presentation to 
make. 

Representative Horirtetp. Maybe we are getting into the onsite 
inspection. The answer I really wanted to know was what would be 
the probability of finding it by drilling. 

Dr. Beers. I think I have already told you, sir. If you will follow 
the entire procedure of onsite inspection until you have covered every 
anomaly on the 1 square mile your probability will be a certainty. 
You will find it. 

Senator BennetT. How long would this process take? 

Dr. Beers. It might take several years and it might cost many 
tens of millions of dollars. 

Representative Hoxirretp. Are there any comments on any of the 
testimony this morning? 

Dr. Roserts. I wonder if Dr. Beers’ prospector story would not 
be very effective in the Soviet Union. If you have a location network 
which has located a suspicious event, vou could say yes, this is it, 
we will inspect it. It places the whole Russian system at the mercy 
of any defector. 
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Dr. Beers. You get the point of my story. 

Dr. Brown. I think Dr. Roberts in his prospector comment hit on 
a very important thing. I think we all believe that if the United 
States signed a treaty and violated it, that fact would become public 
knowledge very soon. The New York Times, the Joint Committee, 
or some other responsible group would see to it that this would become 
known. I think we are talking about the United States there. I 
think we are not talking about the Soviet Union. I think we all look 
forward to the day when the same thing will be true about the Soviet 
Union. When and if that day comes I think we can all be much more 
confident not only of the efficacy of an agreement of this kind but of 
the efficacy of any agreement on arms limitation, surprise attack, or 
anything else. In fact, when that day comes probably such agree- 
ments will not be necessary. 

Dr. Urey. Mr. Chairman, may I just say to Dr. Brown that I 
agree with his statement. But there is a certain element probably of 
defection in the Soviet Union as well. Experts of a different kind 
than those sitting at this table must be called in to give an estimate of 
the effectiveness of our inspectors, our stations, operating in a different 
way than merely reading curves. I think it is the duty of this com- 
mittee to look into that other technical problem as well. This I 
think will have the effect of making the network somewhat larger 
than it would otherwise be. This may in fact make it hopeful that a 
network of an acceptable kind can be approached. It might just 
make it success instead of failure. 

Dr. Orear. I would like to give a few technical facts on this par- 
ticular subject. A few years ago, as far as scientific exchange was 
concerned, the Soviet Union was completely closed. But now there 
is a considerable degree of openness. Mainly all I know about it is the 
exchange of physicists and our contacts with the Soviet physicists. 
But there are many different international conferences and exchange 
of visiting scientists. We see large numbers of leading Soviet physi- 
cists. Some of these physicists that we see—in fact the leading 
Soviet physicists—refused to work on the Russian atomic bomb pro- 
gram and were put under house arrest at that time. As far as the 
scientific community goes, some of the Soviet physicists are not too 
different from American physicists. We have these international 
conferences where we talk to them rather closely. There is this 
openness now. 

Representative Hotirietp. Dr. Graves, you had your hand up. 

Dr. Graves. Yes. I would like to agree that if we could somehow 
or other get very free access to the Soviet Union this would probably 
be the best control system and the cheapest control system we could 
have. However, I spent 6 months last year in Geneva arguing with 
the Russians or helping to argue with the Russians on the question of 
this control system, and I would like to remind you once more of what 
Dr. Latter has said. They have not yet agreed to one single control 
station on their soil. They have not agreed to one single annual 
inspection. 

Representative HouirieLp. As a matter of fact, their insistence on 
the adoption of the principle of the quota and to have the number of 
inspections politically determined has not varied from the beginning 
of their negotiations, is that not true? 
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Dr. Graves. Ambassador Tsarapkin at one meeting said; “‘I don’t 
care how you take these inspections. You can spread them out over 
the year or you can take all three of them at once.’”?’ The number he is 
talking about is nothing like 500. 

I am not arguing that therefore one should not proceed here. All I 
am arguing is that there is in the Soviet mind a very great reluctance 
to have people wandering at will over the Soviet Union. One should 
use a note of caution here in thinking about how many we can have. 

Representative HoutirreLp. Dr. Graves, while you have the floor 
we know that your time is limited. We would like to get a few com- 
ments from you on the high-altitude problems and your opinion as to 
experiments and requirements which we need in this field. We have 
been talking about underground tests right along. We feel that this 
is the most important area right now to be considered. Could you in 
in a few terse comments tell us something about the difficulties or the 


problems, you might say, which are involved in tests in high altitude 
and out of space? 


Dr. Graves. Yes. 

Representative Ho.irretp. You were the adviser to Technical 
Working Group I on this point, and I think you are qualified to speak. 

Dr. Graves. This again is a region where much research is required. 
There is a lot going on in space which we are just beginning to find 
out about. At my laboratory we are setting up some instruments 
to see what would be possible from ground-b stations. It looks 
to us as if we would be able to detect a 1 kiloton test at distances like 
10° (100,000) kilometers. It is probable that one could increase 
this distance by perhaps as much as a factor of 10. Greater dis- 
tances than this would be extremely difficult from ground-based 
stations and we certainly don’t know how to do it. If one is talking 
about distances greater than 100,000 kilometers then one clearly is 
talking about a system of satellites of some sort. From systems of 
satellites one can observe as much space as one is willing to send 
satellites to. We can send satellites now to great distances. How- 
ever, any research in this field will again be in two directions. You 
will say, by increasing the sensitivity of my instruments, by increasing 
the number of satellites, by increasing their distances, | improve my 
detection capability. On the other hand, by putting shielding on 
my atomic bombs, by making some effort of concealment, I decrease 
that detection capability. So one has to worry about the balance of 
which improves fastest, the detection capability or the ability to 
conceal. The expense and difficulty of carrying out tests increases 
as you go to great distances. 

On the other hand, the expense and the difficulty of detecting at 
great distances goes up much faster because the volume goes as the 
— of the radius and these great distances result in great volumes to 
OOK at. 

Representative Ho.irie.p. That is a very terse statement and 
certainly to the point. 

Dr. Bethé, would you care to comment on that? 

Dr. Bernt. It seems reasonable. 

Representative Houirietp. Thank you. 

| don’t want to leave any member of the panel without an oppor- 
tunity to make a comment if there is one. 

Dr. Carder? 
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Dr. Carper. | would like to make a comment on a matter of 
several minutes ago concerning the detection capabilities of instru- 
ments. There is one item that has been left out in this discussion 

It is the matter of looking at seismic events from considerable 
distances from points not in the Soviet Union but outside the Soviet 
Union where we have access to a considerable area to set up our 
instruments. I am thinking of what we call the seismograph array, 
which consists of a large number of detectors in an area of several 
ca ct miles, preferably flat granite, if we can find a place like that, 
which are more or less linked together in a mathematical fashion which 
will produce the best results. An array like this acts as a wave 
length filter. It will filter out the noise and the surface waves that 
cross the array at relatively low speed. But the same frequency 
waves which have much longer wavelengths, which come in from 
underneath and have much higher apparent speed will be added. In 
other words, the faster speed wavelengths will be additive where the 
noise will be filtered out. 

Representative HoutirieLp. We have had some testimony on that 
point and I think the general testimony has been that a hundred seis- 
mograph instruments would be installed in a station in an array. 

Dr. Carper. I would even say much more than that because rela- 
tively low cost instruments can be used. 

Representative HoLtrieELp. We haven’t got to the cost yet. Does 
that complete your statement? 

Dr. Carper. Thank you. 

Representative HouirieELp. Was there any other comment? 

Dr. Outver. I think the group today has the impression that with 
additional seismological research we might only be able to improve 
our capability in this field by a factor of two or three or something 
like that. I would just like to point out that there are some methods 
which might pay off more than that by a larger factor. For example, 
the way to determine the depth of the shocks, very shallow shocks, it 
might i very important. Although we do not know for sure, it is 
probably true most earthquakes are deeper than the depths at which 
we would set off explosions. We now have earthquakes that are 
deeper than a few tens of kilometers. If we can improve this we can 
improve our methods of identification a great deal. We can develop 
seismometers which can go into the ocean bottom and be used to 
surround these peninsular areas and island so we do not have the 
trouble of having them within a limited azimuth of the shot. When 
you were looking at the picture of the seismogram you were looking 
at the very ales part of it, the first motion. 

Representative HouirieLp. I thought you were going to tell me I 
had it upside down. 

Dr. Ouiver. Everyone focused their attention on the very smallest 
wiggle, the first motion. There is just as much information later and 
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it goes on for many minutes as the amplitudes goon. The only reason 
we can’t use this information is because we don’t know how those 
waves get there. There is every chance with research that we will 
get this information. 

Representative Houirievp. I gather from that that you agree with 
the rest, that there should be an aggressive research and developent 
program. 

Dr. Ouiver. Yes, sir. 

Representative Houir1eLp. Could you put your prediction as to 
improvement in terms of years? 

Dr. Ourver. No, sir. Some of these things might be developed in 
afew months. You might learn methods to Teties the depth of shocks 
within a few months and then again you might not. You cannot 
predict that. 

Representative Ho.irieLp. You cannot predict when a scientific 
breakthrough will occur in a certain area. 

Dr. Outver. No, sir. 

Representative HoutirreLp. You cannot order it, either, like an 
on-the-shelf item. 

Dr. Ouiver. No, sir. 

Representative Houirretp. Gentlemen, I think we will adjourn 
now until 2 o’clock. I want to thank each and every one of you for 
participating in this panel. I know you have done so at great trouble 
and expense of time and money in order to come here. 

This afternoon we will continue the hearings by receiving testimony 
on the procedures, capabilities, techniques, and limitations of onsite 
inspection. Our witnesses will be Dr. Foose, Stanford Research 
Institute, Dr. Roland Beers, petroleum consultant, and we may 
announce others later. 

(Whereupon, at 12:10 p.m. the committee was recessed, to recon- 
vene at 2 p.m. the same day.) 


AFTERNOON SESSION 


Representative HouirieLp. The committee will be in order. We 
will open this afternoon’s session with testimony on the procedures, 
capabilities, techniques, and limitations of onsite inspection. Our 
first witness will be Dr. Charles Violet, Livermore, Calif., who will 
testify on the capabilities of onsite inspections to include (1) methods 
of testing; (2) the nature of the underground zones. Dr. Violet is 
actually presenting the testimony originally scheduled for Dr. Gerald 
Johnson of the Livermore Laboratory, who has been forced to leave 
due to a previous pressing commitment in the Middle West. We 
are happy to hear you, Dr. Violet, and we realize that you are capable 
of making such a presentation in your own right. 











222 NUCLEAR WEAPONS TEST BAN CONTROLS 


STATEMENT OF DR. GERALD JOHNSON,’ LAWRENCE RADIATION 
LABORATORY, LIVERMORE CALIF.. PRESENTED BY DR. C. E. 
VIOLET ” 


Dr. VioLtet. Mr. Chairman, members of the committee, it is an 
honor to have this opportunity to discuss underground nuclear testing 
and the effects of underground explosions with vou. 

This background information is necessary to set the stage for 
consideration of the technical aspects of onsite inspection. 

The problem of onsite inspection involves consideration of ‘unusual 
human activity,”’ which is a consequence of the magnitude of construc- 
tion efforts and operations in the field and of the technical features 
of underground explosions. In my discussion I will cover these two 
general areas. Dr. Beers and Dr. Foose will then discuss the pro- 
cedures and techniques of onsite inspection pertinent to underground 
testing. 

That underground nuclear weapons development tests can be 
successfully conducted with no radiological hazard due to fallout 
was demonstrated 2's vears ago. Proven techniques are available 
for obtaining almost all of the desirable data for the use of weapons 
designers. 

The required measurements, the degree of accuracy, and the range 
of coverage, determine the feasibility and the complexity of the 
diagnostic system to be employed. As a rule, the overall measure- 
ment system is dictated by the requirements of the weapons oe 
but usually is modified in various ways to provide insurance such as 
the use of multiple channels, the employment of independent methods 
for obtaining the same data, and for diagnostic technique development. 

The tunnel facilities used in Nevada for the Hardtack Phase I] 
series of September to October 1958 consisted of two complexes. 
One tunnel system, designated as U12b, had a maximum overburden 
of 900 feet, and the other, designated as U12e, had a maximum of 
1,400 feet. The two tunnels are shown in the first two figures. The 
first figure (fig. 1A, p. 268) shows what we call the U12b complex, 
showing the main access tunnel and side drifts used for nuclear weap- 
ons test experiments. The second figure (fig. 2A, p. 269) shows the 

! Born in Spangle, Wash., and attended elementary and high school there. Subsequently he attended 
Washington State College (B.8.,1937; M.S., 1939 in physics) and the University of California at Berkeley, 
where he obtained a Ph. D. in physics in 1947. In the period 1941-46 he served in the Navy at the Naval 
Proving Ground in Dahlgren, Va., where he carried out experimental development work in armor and 
armor-piercing projectiles. 

At the end of the war he returned to the University of California to complete his graduate work and then 
he became an assistant professor of physics at Washington State, where he taught until 1949. 

From 1949 to 1951 he carried on research on ares growth and neutron physics at the AEC’s Brookhaven 
National Laboratory in Upton, N.Y. In 1951 he went to Washington and worked in the nuclear weapons 
effects field at the Armed Forces special weapons project. After serving for a short time as a special assistant 
to the Director of Research of the AEC in 1953, he joined the physics department at UCRL. He was in 
charge of nuclear test operations for the laboratory for 5 years. During that period he participated in four 
weapons test programs both in the Pacific and in Nevada. Dr. Johnson was the test director for the 
Nevada Test Organization for the last two weapons series in Nevada. In this capacity he was responsible 
for the scientific phase of the operations. 

He has participated in the investigations of peaceful applications of nuclear explosives, known as the 
Plowshare program, since its inception. As associate director of Lawrence Radiation Laboratory he now 
guides the Plowshare technical program as well as test activities. Demonstration experiments under 
consideration include the large-scale excavation experiment in Alaska, recovery of oil from Colorado oil 
shales, recovery of oil from tar sands in Alberta, and an experiment in Carlsbad, N. Mex., to investigate 
the possibility of utilizing the heat of an atomic explosion for power or process heat and the neutrons to make 
isotopes. 

2 Physics: Des Moines, Iowa, May 1, 24; m. 51; c. 1 B.S. Chicago, 48: A.B. California, 49, Ph. D. (physics, 
53, Teaching asst. physics, California, 49-50, physicist, Radiation Lab, 50-A.F, 43-46, 2nd Lt. Electron) 


electron scattering; positron-electron scattering; multiple and discrete scattering of electrons; grain density 
measurements of electrons in nuclear emulsion. 
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U12e complex which had during that series two experimental side 
drifts. The next (fig. 1, p. 240) shows the relative locations of the vari- 
ous explosions in a vertical cross section of the mountain. 

Representative Houtir1eLp. Where is the tunnel in that illustration? 

Dr. Vioter. The tunnel would be superimposed directly on this 
profile. This is a vertical section through the U12b tunnel. 

Representative Hosmer. Where do the explosions occur? 

Dr. Viotetr. The circles indicate the zero points of each explosion. 
Actually this is a profile through B tunnel. The E tunnel is about 
— feet away and those zero sites have been projected on this same 
profile. 

Experience gained from these nuclear explosions has permitted 
the conclusion that in this formation the radioactivity from nuclear 
explosions can be contained underground for scaled depths equal to 
400W% feet where W is the energy release in kilotons. Thus, for 
complete containment, 1 kiloton would require 400 feet of overburden ; 
20 kilotons, 1,080 feet; and 100 kilotons, 1,850 feet. 

The range of complexity of diagnostic systems used underground 
to meet the widely separate experimental objectives can be illustrated 
by the setups used for the Blanca and for the Evans events of the 
operation in Nevada of the fall of 1958. Both of these shots were 
weapons development tests. 

Blanca was a minimal experiment directed toward development of a 
nuclear weapon. The general layout is shown in figure D (fig. 5A, 
p. 272). The yield from the experiment was 20 kilotons. The desired 
measurement was the reaction history using conventional techniques. 
A single detector system obtained this minimum data in the same 
recording system. The radiochemical yield was determined through 
postshot drilling and laboratory analysis. 

Evans was a highly instrumented experiment in weapons design. 
The instrumental layout was as shown in figure E (fig. 8A, p. 275). 

We see here a number of lines of sight in blue which were drilled 
through the rock from drilling stations shown as an extension of the 
access tunnel. These lines of sight were used to measure the prompt 
radiation that takes place during the nuclear reaction. Here we have, 
you see, many lines of sight. For Blanca we had only one line of sight. 

For underground testing purposes, the Los Alamos Scientific Labo- 
ratory has used 500-foot vertical drilled holes for staging development 

xperiments in Nevada. Similar methods are planned for the seismic 
improvement explosions and for some of the Project Plowshare experi- 
ments. 

The general arrangement for operations in a vertical drilled hole 
would include a diagnostic capsule superposed on the explosive, con- 
nected to the surface by cable through which the data would be trans- 
mitted. Line-of-sight holes, with appropriate collimation, could be 
installed for more detailed measurements. Radiochemical samples 
could be recovered either by permitting bomb debris to be projected 
through vacuum pipes up to flter recovery systems or by drilling later 
into the radioactive zone. 

This discussion provides the background information on the proce- 
dures which would be followed in testing underground. 
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Representative Ho.tirreLp. How many days did it take you to drill 
into this to test the radioactivity? 

Dr. Viouet. The first hole in the Blanca event was completed approx- 
imately 1 month after the explosion. However, radioactivity was 
encountered after drilling a distance of about 70 feet after a period 
of about 3 days of drilling. Activity from the explosion was projected 
down the Blanca side drift and into adjacent cracks. Since we were 
drilling parallel to and adjacent to this side drift we encountered 
radioactivity after a relatively short drilling distance. 

Representative HourFieLp. Were you using a standard rotary type 
oilfield drill? 

Dr. Viotetr. No, sir. We use diamond drilling techniques specially 
adapted to take care of the radioactivity problem. 

Representative HotirreLtp. That was not the old cable tool tvpe of 
drilling; was it? Was it not a rotary bit? 

Dr. VioLer. Yes; with a diamond bit on the end, with an inner tube 
for core recovery. 

Representative Honirietp. That is exactly the same type of drill 
that is used in oil-well exploration. 

Dr. Vio.er. For exploration; ves. You are correct, sir. 

Representative Ho.tir1eLp. What size was the hole that you drilled? 

Dr. Vioter. Approximately 3 inches. It was an NX hole which 
makes a 3-inch hole in about a 2-inch core. 

Representative HoLirieLp. You went down about 500 feet? 

Dr. Viotet. For the Blanca debris we drilled horizontally for a 
distance of approximately 700 feet. 

Representative Houirietp. And your vertical line was how much? 

Dr. Vio.tet. We did not drill vertically into these events. We 
were able to obtain access close enough to these events from the main 
tunnel. So we set up in the main tunnel to drill horizontally. 

Representative Ho.irretp. Then you must have had your test 
in a Mountain. 

Dr. Vioter. That is correct, sir. 

Representative Honirtetp. Was the Rainier shot you drilled 
vertical? 

Dr. Vrouet. Yes, sir. 

Representative Hoxirrevp. Is it or is it not true that you missed 
vour objective in drilling vertically? 

Dr. Vio.tetr. We didn’t miss the objective but we missed the zero 
point by 16 feet out of 900. We did obtain radiochemical information 
from this vertical hole. However, most of the valuable radiochemical 
information for the Rainier event was obtained by horizontal drilling 
from the tunnel. 

Representative HotirieLp. This would not be available, of course, 
in tests that were held on the level. You would have to drill vertically 
and drilling operations would have to be pretty accurate? 

Dr. VioLer. That is correct. You would at least have to survey 
vour holes to know where vou were. 

Representative Hosmer. I take it that these figures you gave for 
the required depth to prevent radiation from being detected from the 
surface would be approximately the range, from a horizontal stand- 
point. by which vour drill hole could be off and still detect information : 
is that right—or would it have to be closer in to point zero? 
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Dr. Vioter. These are the vertical depths one would have to drill 
for an experiment designed on this depth criteria. I will get into the 
pertinent radii of interaction later. 

For example, in a 1.7 kiloton explosion, one has to hit a diameter of 
approximately 120 feet in a depth of, say, 400 feet. 

Representative Hosme. Then the penetration of the radiation is 
not spherical; it is more up than it is to the side. 

Dr. Vio.et. Initially it is spherical but later it is aspherical due to 
collapse of this initial cavity, I will describe that. 

Representative Ho.iFieLp. If you had not known in advance the 
exact location of the test, would you have been able to find it by 
drilling? 

Dr. Vio.tet. Given enough time and enough drills, certainly. 

Representative HotirieLp. Do you mean by that that you might 
have had to drill a number of holes, each of which would have taken 
a month, in order to hit the point zero? 

Dr. Vio.et. I know the diameter of the target circle I must hit 
for a 1-kiloton explosion in tuff. For a given area, if I know an 
explosion is in this area, and I know roughly the yield, then I know 
what the target circle is. If this is all I know, then I could very easily 
calculate the probabilities. 

For example, take the question that was raised this morning. 
Armed with a drill, what are the probabilities of locating radioactive 
debris from, say, a 1-kiloton explosion? It turns out that this is 
approximately 1 part in 100,000 of hitting with the first hole. To 
make the probability 1, or equal to unity, then one would have to 
drill 100,000 holes. 

Representative Ho.irievp. Is it being ridiculous if there are 500 
unidentified events that you wish to explore that you might have to 
drill many thousands of holes in order to locate them? 

Dr. Vio.et. Sir, I am not qualified to answer that question. The 
on-site inspection presentation will probably present to you to what 
degree this factor can be reduced. Presumably we are armed with 
more than drilling instrument as a tool. We have other tools to 
reduce this or to improve our inspection capabilities. 

Representative Hosmer. That would lead you to a probable more 
fruitful location of putting the hole? 

Dr. Vioter. Yes. 

Representative Ho.irietp. But without that information it is 
1 in 100,000? 

Dr. Vroter. That is right. 

Representative HouiFieLp. Just by the laws of chance. 

Dr. Vioter. Just by probability. 

Representative Houirietp. What are you speaking of when you 
say you have other information? 

Dr. Vioter. I would defer this question. 

Representative Hosmer. That is like construction efforts and tech- 
nical features of the ground. 

Dr. Vio.tet. These are aerial surveys, aerial inspection, and other 
techniques. 

Representative HotirieLp. You are speaking of intelligence meth- 
ods rather than of technical methods? 

Dr. Viouer. I am speaking of both kinds. For example, by per- 
forming aerial surveys one might isolate anomalies in the earth’s 
surface which can be related to the effects of underground explosion. 





226 NUCLEAR WEAPONS TEST BAN CONTROLS 


Representative Ho.iriELp. Such as dirt from a mine. 

Dr. Vioter. Yes. 

Representative HouirieLp. That is what you are thinking of? 

Dr. Vio.ter. Or visual cracks or temperature anomalies and these 
kinds of things. 

Representative Hosmer. Theoretically anomalies which would be 
attributable to the explosion itself would be calculated in advance and 
minimized or eliminated just as you have explained the elimination of 
radioactivity at the surface. They really would not be available in a 
smart cheating job. 

Dr. Vio.tet. That is correct, in my opinion. 

Representative HoLirieLp. You may proceed. 

Senator Bennett. They also might put a few of those around to 
pull you off and start you drilling in places you were bound to fail? 

Dr. VioLet. Yes, sir. 

This discussion provides the background information procedures 
which would be followed in testing underground for a designed pro- 
gram. However, if a would-be evader of a treaty chose to conduct 
clandestine tests, procedures could be developed to greatly reduce the 
scope of the operation. Let us discuss an example of the manner in 
which such a hypothetical operation might be developed. 

Assumptions which must be made concerning a nation intent upon 
conducting nuclear weapons development tests in a clandestine fashion 
are as follows: 

1. The national policy would strongly support the group carryi: g 
out the operation. This would mean that the best technicians wou .d 
be involved and adequate means would be available, legal and admin- 
istrative, to minimize changes of detection of intent. 

2. The operation would be carried out in such a way that under the 
provisions of the treaty agreement no inspection would be expected. 
Yields below threshholds and use of decoupling techniques are two 
ways this could be accomplished. 

3. To meet the conditions of (1) and as insurance in case inspection 
is inadvertently invited, minimal field operations would be conducted 
as quietly and quickly as possible and in such a way as to reduce 
to a minimum the chances of successful site inspection. 

Before any nation would embark on a nuclear test program under 
the conditions concerned, it could first be required to convince itself 
that new nuclear systems were necessary. The nature of the test 
program would necessarily depend upon the characteristics of the 
system to be developed. The design characteristics would depend 
upon the state of the art in the country and on its strategic objectives. 
For purposes of illustration, however, it will be assumed that the 
postulated development program can be conducted with device 
weights of 2,000 pounds, although greater weights would not be too 
burdensome. 

Once the nation had decided it desired to pursue a development 
program, it would need to construct a major complex to design and 
build the devices. The complex would include a large laboratory 
facility including provisions for high-explosive experiments as well as 
a supporting industry. For many kinds of nuclear weapons develop- 
ment this might be all that would be needed. However, here we are 
assuming a nuclear test is decided as necessary to meet the develop- 
ment time scale. The first step of designing and building the 2,000- 
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pound device package could be done completely within a secure area 
of the technical complex. 

A special firing and monitoring system of minimum weight and 
high reliability, and one which would require very little attention in 
the field, would be developed and completely checked out at the 
laboratory before shipment to the test site. 

Since installing cables takes time and requires field support effort, 
radio firing woul be used. Systems for this are already developed 
and in fact are planned to be used to fire some Plowshare shots. 
For example, the Alaskan excavation experiment is planned to be fired 
by radio from an airplane. However, for a clandestine test a specially 
engineered system would be provided. The control point packaged 
transmitter and monitor could probably be developed in a weight 
of not more than 500 pounds, although large weights could be used 
without creating a problem. At the zero point a small 100-pound 
unit would mount an appropriate antenna and the auxiliary electronic 
equipment for firing the system. 

To obtain the pertinent diagnostics, fast recording equipment 
would be required to follow the reaction history. Generally, one 
would like to have a minimum of 25 recording chaenahe with high- 
time resolution. Since testing under these conditions would be very 
important, the reliability of the diagnostic system would have to be 
high. The system has not, of course, been designed, but individuals 
at Livermore have given some thought to what could be done by a 
determined and well-supported group. As in the firing system, if 
transmission of data to the recording system were required it would 
be telemetered, either by radio or by light, depending upon the 
circumstances. Both systems have been used successfully in the 
field for some types of these measurements. 

For the kind of work that has seemed essential to us in the past, a 
detector or two would be needed at a distance of a few hundred feet 
from the device. For purposes of concealment, th detector would be 
placed within the collapse distance of the drill hole wr tunnel. The 
signal from the detector would be telemetered to the recording system 
outside the damage radius of the explosion. 

Thus, in concept the operation would involve the following: 

1. The device itself. 

2. The collimating system, which determines the |’ nes-of-sight. 

3. The detector within collapse distance. 

4. The recording equipment outside collapse distance. Data from 
detector to the recorder by radio. 

5. The firing and monitoring system at safe distances. Firing and 
monitoring by radio. 

A schematic possible layout for such an operation is illustrated in 
figure F (p. 236). The whole system would be thoroughly mocked-up 
and dry-run at the laboratory before any operations in the field would 
be undertaken. 

The entire operation could be staged in the field in 4 days with 10 or 
15 people. 

A simple way to execute a clandestine test would be to conduct the 
operation under conditions such that access to the site could be had by 
water. The shot point itself would be in a drilled hole, or a washed-out 
cavity at the bottom of a drilled hole for decoupled shots, either in the 
water offshore or on the shoreline. Sucha drill hole could be provided 
using standard oil-well drilling equipment and could be located in a 
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shallow sea, a river, or a lake. After construction was finished the 
test team could approach the site by small boat, lower the device, and 
fire it. The total time in the field for preparation, firing, and recover- 
ing the data would be 4 or 5 days. The staging port could be located 
several hundred miles from the test site. 

One of the largest risks of detection that those carrying out the 
clandestine tests would have to take in the present stage icons 
ment of the test technique would be the leakage of radioactivity to the 
surface. For each tamped explosions at a kiloton or more today there 
would be no worry about containment of radioactivity. At lower 
energy releases, while we believe we know how, we have not demon- 
strated successful complete sealing either of tunnel or drill holes. In 
the case of decoupled shots, there has been no nuclear experience. 
However, we believe that in both of these last two cases, the problem 
of containment could be solved and the techniques could certainly be 
developed at a few tens of tons using high explosive. 

Mr. Ramey. May I ask a question there? 

Representative Hotirietp. Mr. Ramey. 

Mr. Ramey. How do you mean on these smaller tests less than a 
kiloton? You mean the larger explosion would by and of itself seal 
off? 

Dr. Vioxter. That is right. 

Mr. Ramey. And in the smaller it would not and the radioactivity 
might seep through the debris? 

Dr. Vioter. That is right. 

Representative Ho.tirietp. But if you had the tunnels plugged, 
the plug itself would stop it? 

Dr. Vioter. In these cases the mechanisms in the medium sur- 
rounding the explosion essentially shut off and seal up the activity. 
In other shots that we have fired in Nevada under very pressing 
circumstances, we were not successful in sealing these explosions merely 
by putting in plugs. The mechanisms were not strong enough to 
cause melting and the sealing that occurs for a larger yield. However, 
we believe if one wanted to be really safe, by filling the tunnel with 
concrete or imploding the tunnel with high explosives or some tech- 
nique such as this, we can successfully seal up the radioactivity. 

Representative HotirreLp. As a matter of act, your last shots were 
held under a very urgent time schedule in order to predate them before 
the moratorium; is that not true? 

Dr. Viotet. That is correct, sir. 

Representative HotirieLp. Your precautions, therefore, were in- 
adequate and more meager than they would have had you been not 
rushed for time and had you been deliberately trying to conceal them? 

Dr. V1oLET. Yes, sir. 

Representative Price. You described the possibility of leakage 
of radioactivity to the surface in this clandestine test as one of the 
large risks of detection. How large a risk is it? Could the release of 
radioactivity be picked up to the extent that it would be detectable 
at any great distance? 

Dr. Vioutet. In my opinion this is a very small risk. 

Dr. Viouter. I believe as stated in the written text that sealing up 
the activity under these conditions could be done very successfully so 
that a leakage would not be detected. 

The description of close-in phenomena associated with underground 
nuclear explosions has been reported in ‘‘Underground Nuclear Deto- 
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nations,” by Johnson, Higgins, and Violet, which is attached as an 
annex (p. 238) and which I propose not to read. Let us summarize the 
observated results as specified in this publication to define the techni- 
cal problems of onsite inspection. 

Proceeding now to page 8, using the results from the published 
account of the underground nuclear explosions the target area which 
any onsite inspection team must locate can be defined by reference to 
the following figures. Figure G (p. 237) is a cross section through zero 
point of the Rainier 1,700-ton explosion. There are three major zones 
of interest: 

1. The highly radioactive zone. 
2. The collapse zone. 
3. The fracture limit. 

The highly radioactive zone was formed as a consequence of the 
collapse of the initial cavity developed by the explosion. The cavity 
was lined with melted rock which on collapse froze to form a glass 
containing most of the radioactivity. 

Representative DurHam. When did you run your last test on 
radioactivity material in that cavity? 

Dr. Vioer. Our last drill hole into the area was probably a year 
ago. We are continuing to analyze samples from Rainier as well as 
other zero sites. 

The glass collected in a bowl-shaped zone below the center of 
detonation. The maximum radius of the bowl has been assumed to 
coincide with the initial cavity. 

That is the cavity that was formed by the outward moving shock 
wave from the explosion. For Rainier the radius was 62 feet. 

The collapse zone resulted from the successive vertical collapse of the 
initial cavity. The rubble zone thus produced had a radius of 62 
feet about the zero point at the bottom and spread out upward to a 
radius of about 75 feet. The height of the zone above the zero point, 
5 months after detonation was 386 feet. This zone may have sub- 
sequently progressed further but no measurements have been made. 

We know that the height of this zone was 386 feet approximately 
one month and a half after the expolosion on the Ist of November. 

The collapse zone was filled with radioactive gases immediately 
after detonation so that there was radioactivity at a very low level 
distributed throughout this region. 

The fracture limit is the maximum limit at which structural changes 
occured in the medium near the shot point. There were, in some 
cases, shifts along geological planes of weakness out to 1,000 feet. 

Most of the energy of the explosion is soon deposited as heat sur- 
rounding the shot point. The measurements of the resulting tem- 
perature distribution for Rainier are shown in figure H (fig. 3, p. 251). 
One notes that it is almost hemispherical in shape. In principle; an 
inspection team drilling in the vicinity of an explosion would be able to 
detect the temperature rise at some point. If we assume that a 
3° C. rise above background is detectable, then one would have the 
following estimated radii of the hemispherical distribution. 
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From an inspection standpoint, it is necessary to locate radio- 
activity of the proper age to assure there has been a nuclear detonation 
corresponding with the time the seismic signal was received. The 
zone that must be located by an inspection team then is the radioactive 
zone. All the other quantities, like temperature distribution, dis- 
cussed above, and the fracture limit, would serve only as indications to 
guide subsequent drilling to the radioactive zone. 

In the following table are estimates of the dimensions to be expected 
in tuff for the various zones for a range of yields: 








Yield 100 tons | 1.7 kilotons | 20 kilotons | 100 kilotons 

— = — - = oo — — - eae | - — ~— = 
Radius of radioactive zone (feet) 24 | 62 | 140 | 240 
Fracture radius (feet) 50 130 290 | 500 
Vertical collapse (feet) 150 | 390 | 870 | 1, 500 





Representative DurHam. What was the actual collapse in this 
project exposed? 

Dr. Vio.tet. This collapsed to 380 some feet. 

Representative DurHaAm. This is for 20 kilotons? 

Dr. Vioter. This is for the 1.7 kilotons. This is for the Rainier 
event. 

Although we have had no experience, we would expect for other 
kinds of rock that the highly radioactive zone would be smaller and 
the fracture limits larger than for tuff. The height of collapse would 
be expected to be quite variable because it probably depends more 
on the strength of the geological formation than on the details of the 
explosion. 

Finally to avoid the development of visible surface disturbances, 
the estimated depths required for each explosion are listed below. 
Note that these depths are two and one-half times greater than would 
be required to contain radioactivity. If the requirement is to drill 
vertically to find the radioactivity, then if we use the radius of the 
fracture zone above the point of detonation, as the defining radius, 
which is where the radioactive gases would be, one gets the target 
diameters for various yields listed in the following table. (The 
chimney diameter above Rainier was 150 feet; all values were scaled 
from this diameter.) 





Yield 100 tons | 1.7 kilotons | 20 kilotons |100 kilotons 


SS ————— eee aeons —_ — | — 


| 

| 
Required depth of burst (feet) ____...__- i thie op tence 470 | 1, 200 2, 700 | 4, 700 
Diameter of target (feet) = 58 150 340 | 580 


As I mentioned earlier, the diameter for the 1.7 kilotons would be 
150 feet, which is an actual measured diameter on the Rainier event. 

Representative DurHam. Does the overlay of earth or rock make 
any difference? 

Dr. Vio.et. It makes some difference because probably the vertical 
extent depends on some degree on the radius of cracking and this 
depends on the mechanical elastic properties of the material. For 
example, in a very hard material such as granite the cracking radius 
might be larger. 
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Representative DurHam. In your statement at the beginning you 
said 20 kilotons was 1,080 feet overlay and 100 kilotons, 1,850. You 
use five times the explosive power and your overlay is not but about 
800 feet difference. 

Dr. Vio.er. You are saying for the 20 kilotons, 1,680. 

Representative DurHam. 100 kilotons, 1,850? 

Dr. Viotet. That is correct. 

Here we have for 20 kilotons, 2,700 and 4,700. These we say are 
about two and a half times this depth criteria which we say we need 
in order to guarantee no activity appearing on the surface. This 
latter criteria is to provide that no surface cracking, no visible dis- 
turbance appears on the surface. So that must be some factor greater 
than the vertical extent of collapse. 

Representative Durnam. It is a kind of mathematical matter, then. 
Taking care of the explosive power is not on a per ratio basis at all 
with regard to the depth. 

Dr. Vioter. That is correct. 

Representative HouirreLp. Are there any questions of Dr. Violet? 

Representative Hosmer. The development of visible surface dis- 
turbances, what do they include? hat would a visible surface 
disturbance be? 

Dr. VioLet. This would be the production of cracks, either visible 
from an aerial survey or an on-site surface survey. Other things, 
such as perhaps the vegetation which has had its root system disturbed 
might die as a result of this. I think the speakers that follow me can 
describe this more adequately than I can. The attempt here was to 
point out what we feel would be an adequate distance to prevent 
visible surface disturbances, such as I mentioned, cracks, effects on 
vegetation, and so on. 

Representative Hosmer. Assuming that you could drill this hole 
from the inside of a building or something from the middle of town, 
and below this thing off in the middle of a May Day parade, you would 
not have much chance at all of any visible manifestations of any kind, 
would you? 

Dr. Vioter. That is correct. 

eer eat Hosmer. It probably would not be suspected. 
either. 

Dr. Viotet. That is right. 

Representative Hosmer. Thank you. 

Representative Durnam. Let me ask you this question: After 
going through with all of these tests and this experience, do you think 
it could be very easily identified from the surface? I have reference 
to this operation you have described here. 

Dr. Vioter. The tests we have conducted in Nevada? 

Representative DurHAm. I was thinking if you have to go around 
drilling holes finding these things, if you are going to have a ciandestine 
operation it is quite a job. But if you can walk along the surface and 
find these things it is a whole lot easier. Is there any identification 
by walking across the surface? 

Dr. VioLet. Personally I believe this would be very simple to hide 
on the basis of visual surface observation. 

Representative DurHam. It is just a question of whether vou want 
to go deep enough. 
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Dr. Vio.er. That is right. That is a question of time and dollars. 

Mr. Ramey. The Rainier shot had some surface indication? 

Dr. Vioter. Yes. 

Mr. Ramey. There were some mountain slides and there was some 
dust and so on. Of course, that was not a clandestine shot. 

Dr. Vio.et. No, sir. 

Representative HoLirieELp. No attempt was made to conceal? 

Dr. Vio.ter. No, sir. 

Representative HotirieLp. Thank you very much for presenting 
Dr. Johnson’s paper and also for your contribution. 

Dr. Vio.tetr. Thank you, sir. 

(Dr. Johnson’s formal statement, and a paper by Drs. Johnson, 
Higgins, and Violet, on ‘““‘Underground Nuclear Detonations,”’ follow :) 


Metuops or TESTING 
(By Dr. G. W. Johnson) 


The problem of on-site inspection involves consideration of ‘‘unusual activity,’’ 
which is a consequence of the magnitude of construction efforts and operations in 
the field, and of the technical features of underground explosions. In my dis- 
cussion I will cover these two general areas. Dr. Beers will then discuss the 
problems of on-site inspection following a postulated clandestine test. 

That nuclear weapons development tests can be successfully conducted under- 
ground has been amply demonstrated. Proved techniques are available for 
obtaining most, although not all, of the desirable data for the use of weapons 
designers. The required measurements, the degree of accuracy, and the range of 
coverage, determine the feasibility and the complexity of the diagnostic system 
to be employed. As a rule, the overall measurement system is dictated by the 
requirements for the weapons designer but usually is modified in various ways to 
provide insurance such as the use of multiple channels, the employment of inde- 
pendent methods for obtaining the same data, and for diagnostic technique 
development. 

The tunnel facilities used in Nevada for Hardtack Phase II of September to 
October 1958 consisted of two separate major arrangements. One tunnel system 
designated as U12b had a maximum overburden of 900 feet, and the other desig- 
nated as U12e had a maximum cover of 1,400 feet. The two tunnels are shown in 
figures Aand B. (See figs. 1A and 2A, pp. 268-269.) In figure C (fig. 1, p. 240) 
are shown the relative locations of the various explosions in a vertical section of 
the mountain. The experience gained from this set of nuclear explosions has 
permitted the conclusion that in this formation the radioactivity from nuclear 
explosions can be completely contained underground for scaled depths (D) of 
D=400 W% feet where W is the energy release in kilotons. Thus, for complete 
containment, 1 kiloton would require 400 feet of overburden; 20 kilotons, 1,080 
feet; and 100 kilotons, 1,856 feet. 

The range of complexity of diagnostic systems used underground to meet the 
widely separate experimental objectives can be illustrated by the setups used for 
the Blanca and for the Evans events of the operation in Nevada of the fall of 
1958. Both of these shots were weapons development tests. 

Blanca was a minimal experiment directed toward development of a nuclear 
weapon. The general layout is shown in figure D (fig. 5A, p. 272). The yield 
from the experiment was 20 kilotons. The desired measurement was the reaction 
history as a function of time using conventional techniques. A single detector 
system obtained this minimum data in the same recording system. The radio- 
chemical yield was determined through postshot drilling and laboratory analysis. 

Evans was a highly instrumented experiment in weapons design. The instru- 
mental layout was as shown in figure E (fig. 8A, p. 275). 

For underground testing purposes, the oe Alamos Scientific Laboratory has 
used 500-foot vertical drilled holes for staging development experiments in Ne- 
vada. Similar methods are planned for the seismic improvement explosions and 
for some of the Project Plowshare experiments. 

The general arrangement for operations in a vertical drilled hole would include 
a diagnostic capsule superposed on the explosive, connected to the surface by 
cable through which the data would be transmitted. Line-of-sight holes, with 
appropriate collimation, could be installed for more detailed measurements. 
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Radiochemical samples could be recovered either by permitting bomb debris to 
be projected up to filter recovery systems or by drilling later into the radioactive 
zone. 

This discussion provides the background information on the procedures which 
would be followed in testing underground for a well-designed program. However, 
if a would-be evader of a treaty chose to conduct clandestine tests, procedures 
could be developed to greatly reduce the scope of the operation. Let us discuss 
an example of the manner in which such a hypothetical operation might be 
developed. 

Assumptions which must be made concerning a nation intent upon conducting 
nuclear weapons development tests in a clandestine fashion are as follows: 

1. The national policy would strongly support the group carrying out the 
operation. This would mean that the best technicians would be involved and 
adequate means would be available, legal and administrative, to minimize chances 
of detection of intent. 

2. The operation would be carried out in such a way that under the provisions 
of the treaty agreement no inspection would be expected; such as by use of 
decoupling techniques. 

3. To meet the conditions of (1) and as insurance in case inspection is inadvert- 
ently invited, minimal field operations would be conducted as quietly and quickly 
as possible and in such a way as to reduce to a minimum the chances of successful 
site inspection. 

Before any nation would embark on a nuclear test program under the conditions 
concerned, it would first be required to convince itself that new nuclear systems 
were necessary. The nature of the test program would necessarily depend upon 
the characteristics of the system to be developed. The design characteristics 
would depend upon the state of the art in the country and on its strategic objec- 
tives. For purposes of illustration, however, it will be assumed that the postu- 
lated development program can be conducted with device weights of 2,000 pounds, 
although greater weights would not be too burdensome, 

Once the nation had decided it desired to pursue a development program, it 
would need to construct a major complex to design and build the devices. The 
complex would include a large laboratory facility including provisions for high- 
explosive experiments as well as a supporting industry. or many kinds of 
nuclear weapons development this might be all that would be needed. However, 
here we are assuming a nuclear test is decided as necessary to meet the develop- 
ment time scale. The first step of designing and building the 2,000-pound device 
package could be done completely within a secure area of the technical complex. 

A special firing and monitoring system of minimum weight and high reliability, 
and one which would require very little attention in the field, would be developed 
and completely checked out at the laboratory before shipment to the test site. 

Since installing cables takes time and requires field support effort, radio firing 
would be used. Systems for this are already developed and in fact are planned 
to be used to fire some Plowshare shots. For example, the Alaskan excavation 
experiment is planned to be fired by radio from an airplane. However, for a 
clandestine test a specialiy engineered system would be provided. The control 
point packaged transmitter and monitor could probably be developed in a weight 
of not more than 500 pounds. At the zero point a small 100-pound unit would 
mount an appropriate antenna and the auxiliary electronic equipment for firing 
the system. 

To obtain the pertinent diagnostics, fast recording equipment would be required 
to follow the reaction history. Generally, one would like to have a minimum of 
25 recording channels with high-time resolution. Since testing under these 
conditions would be very important, the reliability of the diagnostic system would 
have to be high. The system has not, of course, been designed, but individuals 
at Livermore have given some thought to what could be done by a determined 
and well-supported group. As in the firing system, if transmission of data to 
the recording system were required it would be telemetered, either by radio or 
by light, depending upon the circumstances. Both systems have been used 
successfully in the field for some types of these measurements. 

For the kind of work that has seemed essential to us in the past, a detector or two 
would be needed at a distance of a few hundred feet from the device. For pur- 
poses of concealment, the detector would be placed within the collapse distance 
of the drill hole or tunnel. The signal from the detector would be telemetered to 
the recording system outside the damage radius of the explosion. 
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Thus, in concept the operation would involve the following: (1) The device 
itself; (2) the collimating system; (3) the deteetor within collapse distance; 
(4) the recording equipment outside collapse distance—data from detector to the 
recorder by radio; (5) the firing and monitoring system at safe distance—firing 
and monitoring by radio. 

A schematic possible layout for such an operation is illustrated in figure F (p. 236). 
The whole system would be thoroughly mocked-up and dry-run at the laboratory 
before any operations in the field would be undertaken. 


The packages and occupancy required for transport and installation at the site 
would be as follows: 


People ~~ s 


Device, 2,000 pounds ‘ 
P ackage for device including monitoring ye and close-in Gorey, 500 
pounds - . ; 
Collimating sy stem, 2,000 pounds 2 ROtawSil. Os a 
Detectors and auxiliary equipment, 1,000 pounds : ; : | 


Recording systems, 1,000 to 2,000 amawnses 
Firing system, 500 pounds 


The simplest way to execute a clandestine test would be to conduct the operation 
under conditions such that access to the site could be had by water. he shot 
point itself would be in a drilled hole, or a washed-out cavity at the bottom of a 
drilled hole for decoupled shots, either in the water offshore or on the shoreline. 
Such a drill hole could be provided using standard oil well drilling equipment and 
could be located in a shallow sea, a river, or a lake. After construction was 
finished the test team would approach the site by small boat, lower the device, and 
fire it. The total time in the field for preparation, firing and recovering the data 
would be 4 or 5 days. The staging port could be located several hundred miles 
from the test site. 

One of the large risks of detection that those carrying out the clandestine tests 
would have to take in the present stage of development of the test technique would 
be the leakage of radioactivity to the surface. For earth tamped explosions at a 
kiloton or more today there would be no worry about containment of radioactivity. 
At lower energy releases, while we believe we know how, we have not demonstrated 
successful complete sealing either of tunnels or drill holes. In the case of decoupled 
shots, there has been no nuclear experience. However, we believe that in both 
of these last two cases, the problem of containment could be solved and the 
techniques could certainly be developed at a few tens of tons using high explosive. 

The description of close-in phenomena associated with underground nuclear 
explosions has been reported in “(Underground Nuclear Detonations,’’ by G. W. 
Johnson, G. H. Higgins, and C. E. Violet, appears at the end of thisstatement, p. 238. 

Using the results from the ‘published account of the underground nuclear 
explosions the target area which any on-site inspection team must locate can 
be defined by reference to the following figures. Figure G (p. 237) is a cross section 
through zero point of the Rainier 1,700-ton explosion. There are four major 
zones of interest: 

1. The highly radioactive zone. 

2. The collapse zone. 

3. The fracture limit. 

The highly radioactive zone was formed as a consequence of the collapse of 
the initial cavity developed by the explosion. The cavity was lined with melted 
rock which on collapse froze to form a glass containing most of the radioactivity. 
The glass collected in a bowl-shaped zone below the center of detonation. The 
maximum radius of the bowl has been assumed to coincide with the initial cavity. 
For Rainier the radius was 62 feet. 

The collapse zone resulted from the successive vertical collapse of the initial 
cavity. The rubble zone thus produced had a radius of 62 feet about the zero 
point at the bottom and spread out upward to a radius of about 75 feet. The 
height of the zone above the zero point, 5 months after detonation was 386 feet. 


This zone may have subsequently progressed further but no measurements have 
been made. 
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The collapse zone was filled with radioactive gases immediately after detona- 
tion so there was radioactivity at a very low level distributed throughout this 
region. 

The fracture limit is the maximum limit at which structural changes occurred 
in the medium near the shot point. There were, in some cases, shifts along geo- 
logical planes of weakness out to 1,000 feet. 

Most of the energy of the explosion is soon deposited as heat surrounding the 
shot point. The measurements of the resulting temperature distribution for 
Rainier are shown in Figure H (fig. 3, p. 251). One notes that it is almost hemi- 
spherical in shone: In a an inspection team drilling in the vicinity of an 
explosion woul able to detect the temperature rise at some point. If we 
assume that a 3° Centigrade rise above background is detectable, then one would 
have the following estimated radii of the hemispherical distribution: 





Yield 100 tons | 1.7 kilotons | 20 kilotons | 100 kilotons 


From an inspection standpoint, it is necessary to locate radioactivity of the proper 
age to assure there has been a nuclear detonation corresponding with the time the 
seismic signal was received. The zone that must be located by an inspection team 
then is the radioactive zone. All the other quantities like temperature distribu- 
tion, discussed above, and the fracture limit, would serve only as indications to 
guide subsequent drilling to the radioactive zone. 

In the following table are estimates of the dimensions to be expected in tuff 
for the various zones for a range of yields: 











Yield 100 tons | 1.7 kilotons| 20 kilotons | 100 kilotons 

nies | : ie 

Radius of radioactive zone (feet) ___....._.._--_----_--- 24 | 62 | 140 240 

a ee eS Sa Oe & Sse 50 130 | 290 500 
Vertical collapees (Ge00) - = — == = = =< saeienas~scasses ooee sc 150 | 390 


= 1, 500 





Although we have had no experience, we would expect for other kinds of rock 
that the highly radioactive zone would be smaller and the fracture limits larger 
than for tuff. The height of collapse would be expected to be quite variable 
because it probably depends more on the strength of the geological formation than 
on the details of the explosion. 

Finally to avoid the development of visible surface disturbances, the estimated 
depths required for each explosion are listed below. Note that these depths are 
two and one-half times ater than would be required to contain radioactivity. 
If the requirement is to oan vertically to find the radioactivity, then if we use the 
radius of the fracture zone above the point of detonation, as the defining radius, 
which is where the radioactive gases would be, one gets the target diameters for 
various yields listed in the following table: (The chimney diameter above Rainier 
was 150 feet—all values were scaled from this diameter). 





Yield 100 tons | 1.7 kilotons | 20 kilotons | 100kilotons 
Required depth of burst (feet)_...............-.-------- 470 1, 200 2, 700 4, 700 
Diameter of carpet Geet). .. cx... 05. .4-55.....2-..<.- 58 150 340 


55625 O—60—pt. 1——16 
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THROUGH RAINIER 
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Figure G. Vertical section through the post-shot region of the Rainier event. 


Figure F. 
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UNDERGROUND NUCLEAR DETONATIONS* 
G.W. Johnson, G.H. Higgins, andC.E. Violet 


Lawrence Radiation Laboratory, University of California 


Livermore, California 


July 8, 1959 


Summary 


Since 1952 eight nuclear explosions have been fired underground at 
the Atomic Energy Commission's Nevada Test Site. The explosions have 
varied in energy release from 55 tons to 19,000 tons of TNT equivalent 
and were carried out at depths varying from shallow burial to produce cra- 
tering to those depths at which no visible effects appeared on the surface. 
The major experimental data from these explosions, as well as the phenome- 


nology of the deeper shots, is summarized here. 


Introduction 


During the 1955 nuclear weapons test series in Nevada it became in- 
creasingly clear to the Lawrence Radiation Laboratory that concern over 
fallout would be a serious limitation on future weapons tests. Therefore, 
based on a suggestion of Griggs and Teller [1956], consideration was given 
to the possibility of testing underground at such depths that there would be 
no escape of radioactivity to the atmosphere. Further detailed consideration 
led to the desigr. of an experiment, code-named Rainier, to test the feasibility 
of containment of the radioactive debris from a nuclear explosion. This ex- 
periment conducted on September 19, 1957 was completely successful and all 
objectives of the experiment were achieved. The results of this 1. 7-kiloton 
detonation have been previously reported in considerable detail [Johnson and 
others 1958, Johnson and Violet 1958, Diment and others 1959]. Its con- 
tinued study has led to a fairly complete understanding of the physical and 
chemical processes associated with underground nuclear explosions. Sub- 
sequent to the Rainier detonation, five additional nuclear devices were fired 


underground at the Nevada Test Site during October 1958 in connection with 


oa 
Work was performed under the auspices of the U.S. Atomic Energy 


Commission. 
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weapon development programs. The preliminary results of these later ex- 
plosions have been published [Johnson and Violet 1958]. 

In this paper all major results presently available from these shots, 
as well as three earlier cratering shots, are summarized and the phenome- 


nology of these events is discussed. 


Experimental Conditions 


All of the explosions, except the earlier cratering shots, took place 


a thick formation of bedded tuffs. The three exceptions, which were 
detonated in a lightly cemented alluvium, will not be described in detail but 
are included for completeness. The coordinates and time of detonation for 


each explosion are listed in Table l. 
TABLE 1 


List of Events, Dates, Times and Locations 


Date Time Latitude Longitude Elevation 
Zz ' " S ' " ft 


Jangle-S 5 by A 54 
Jangle-U 3 De. i 11 
Teapot-Ess :00. 06 
Neptune :00. 37. 
Blanca :00. 09. 
Logan :00. 03. 
Rainier 29. 44. 
Tamalpais :00. a3. 
Evans :00. 41. 


The geological structure in which the deep shots took place is charac - 
terized by 250 feet of welded tuff under which is 1700 feet of bedded tuffs and 
a thick bed of dolomite [Diment and others 1958a]. The locations of the sev- 
eral shot points are illustrated in Figure 1. The details of the tunnels and 
stemming for each event are shown in Figures 1] through 8 of the Appendix. 
A stratigraphic feature of some importance in interpretation is the loosely 


consolidated zone in Tos., the limits of which are indicated by dashed lines 
‘ 
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in Figure 1. Rainier, Evans, Tamalpais, and Neptune were detonated in this 
lithologic unit about 100 feet below this lower limit. Blanca and Logan were 
detonated in Tos, about 600 feet below this limit. 

Physical and chemical properties of the medium, averaged in the vi- 


cinity of the Logan, Blanca,and Rainier detonation points are listed in Tables 


2 through 7. 


TABLE 2 


Average Values of Density, Porosity and Water Content 


(Errors are standard deviations) 


Logan Blanca Rainier 

[Diment and [Diment and 

others 1958b] [USGS 1958] others 1959] 
Dry bulk density (g/cm”) 1.840.3 1.60.2 1.70.2 
Natural state bulk density (g/cm?) 2.140.2 1.940.2 2.0+0.2 
Grain density (g/cm ) 2.6+0.1 2.40.1 2,320.2 
Porosity (percent) 30.6+7.4 33.2+6.0 24.4+7.0 
Water content (weight percent) 14.523.5 17.543.5 15.343.5 

TABLE 3 


Average Chemical Composition 


(Percent by weight for air-dry samples) 


Location 
Logan Rainier 
[Diment and [Diment and 
others 1958b] others 1959] 
SiO, 71.5 66.9 
Al,O, 13.0 12.3 
CaO 0.7 4.3 
Fe,0, 1.8 ea 
MgO 0.4 1.0 
Na,O LZ Ld 
K,0 6.6 é.2 
H,O 4.5 10.6 
Balance 0.2 1.2 
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TABLE 4 
Mineral Composition by Volume Percent 


Logan and Rainier 
Blanca [Diment and 
[USGS 1958] others 1959] 
Phenocrysts 19.4 17.4 
Quartz 
Alkali Feldspar 
Plagioclase 
Biotite 
Pyroxene and Amphibole 
Magnetite 
Xenoliths 1.6 
Shards and Lapilli Matrix 70.7 
Heulandite not differentiated 
Montmorillomite 
6B - Cristobalite 
Amorphous Material 


Vesicles 


TABLE 5 
Thermal Properties 


A. Specific Heat for Rainier Tuff (cal/gram/°C)[(Warner and Violet 1959] 


Water content, Temperature °C: 
(grams H20, 
gram dry sample) 100 200 400 


0 0.18 0.21 0.24 0.27 
0.15 0.28 0.31 - - 
0.20 0.31 0.33 - - 
0.30 0.34 0.36 - - 


2 
Calculated from chemical analysis. Does not include heat of vaporiza- 


tion of water. 


(continued) 
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TABLE 5 (continued) 


Thermal Conductivity (cal/cm” /sec/°C /cm) [Diment and others 1958a] 


Rainier 


Logan 
Dry 0.0011 0.0014 
Wet 0.0016 0.0020 


C. Melting Range: 850-1500°C 


D. Estimated enthalpy to molten state (=1500°C): 700 cal/g 


Estimated enthalpy to vapor state (=3000°C): 3000 cal/g 


TABLE 6 


Average Values of Strength and Elastic Properties 


A. Static Tensile Properties of Rainier Tuff |Diment and others 195 


59] 
Air Dry Tensile Strength, psi 165 

Air Dry Young's Modulus, psi 0.46x10° 

Air Dry Poisson's Ratio 0.12 

Calculated Rigidity Modulus, psi 0.22x10° 


B. Static Compressive Properties of Rainier Tuff |Diment and others 1959] 
Natural state under 
Air dry Natural state hydrostatic pressure 


1,000 psi 


Compressive Strength, psi 4700 1200 5100 
Young's Modulus, psi 1.1x10° 0.18x10° 0.37x10° 
Poisson's Ratio 0.11 
Calculated Rigidity Modulus, psi 0.50x10° 
C. Dynamic Properties of Rainier Tuff [Diment and others 1958a} 

f f.. b v Vv E, G o 

L I L = x10° x10° 

5900 4000 0.1 7940 5380 1.07 0.49 0.09 

where f 


is resonant frequency, cps. 


lL, and T are longitudinal and torsional modes, respectively. 
b is specific damping capacity determined from width of resonance 
amplitude curve. 


(continued) 
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TABLE 6 (continued) 


v is calculated acoustic velocity, ft/sec. 
E is calculated Young's modulus, psi. 
G is calculated rigidity modulus, psi. 
go is calculated Poisson's ratio. 
Bulk Modulus of Rainier Tuff, psi [Warner and Violet 1959] 
Unjacketed Jacketed 
eg avin? : 6 
Sample water-saturated 5.7X10 0.54x10 
4.8x10° 0.41x10° 


Average oven-dry sample 


TABLE 7 
Miscellaneous Properties of Rainier Tuff 
Porosity at elevated pressures (average of 2 samples of 28% porosity) 
[Warner and Violet 1959] 
Pressure, psi 1000 2000 3000 4000 


% Reduction in porosity 6% 8% 10% 12% 


Permeability to Air (millidarcies)[Warner and Violet 1959] to Brine (millidarcies 


x 3 
Average Range Average Range 


Rainier 6.0 0.95 - 41 1.4 0.084 - 27 


Logan 0.81 0.14 - 2.4 0.036 0.00076 - 0.24 


Averages are computed assuming log-normal distribution. 


#3 
Ranges are the total ranges of values observed. 


(continued) 





darcie: 


NUCLEAR WEAPONS TEST BAN CONTROLS 245 


TABLE 7 (continued) 


C. Seismic Velocity, Vertical Distribution over Rainier (Swift and Sachs 1959] 
Interval depth Interval Distance above Rainier 

below surface, feet velocity, ft/sec shot room, feet 

230 - 270 Tt, Ese 665 - 625 

270 - 310 13, 700 625 - 585 

310 - 395 6,650 585 - 500 

395 - 525 7,070 500 - 370 

525 - 675 7, 180 370 - 220 

675 - 775 5,850 220 - 120 


3. General Results 


The gross results of the explosions will be described in terms of the 
visible behavior in the vicinity of the shot point, the escape of radioactivity, 
the air blast, and the ground shock. The explosions are listed in order of 
increasing scaled depth in Table 8. The scaled depth is defined as p/w!/3, 
where D is the actual depth in feet and W is the energy release in kilotons 
(kt) of TNT equivalent. The depth D in the table is the distance to the near- 
est point on the surface. The column in the table entitled ''Measured radio- 
activity deposited on surface" represents the percentages of the total radio- 
activity which appeared on the surface, neglecting possible enrichment of 
particular isotopes. 


One kiloton of TNT equivalent is defined as the prompt release of 


> 


9 
calories of energy (4.2x10! ergs). This energy is determined by 


10 
multiplying the number of fissions, as measured radiochemically, by the 
prompt energy release (179 Mev or 2.86x104 ergs per fission). Prompt 
energy is the sum of the kinetic energy of the fission fragments, and the 
prompt neutron and prompt gamma ray energies. The delayed energy re- 
lease due to radioactivity decay amounts to another 22 Mev per fission. 
About 15 Mev of this energy appears eventually as heat, of which about 


7 Mev is released in the first 20 minutes. 
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A. Escape of Radioactivity 


In discussing the effectiveness of containment of radioactivity it is 
necessary to examine not only the escape through the surrounding formation 
but also the success of the stemming in the tunnels. 

For Rainier (1.7 kt) and Logan (5.0 kt) there was no detectable escape 
of radioactivity to the atmosphere or into the tunnels. From Blanca (19 kt) 
a chimney developed to the surface and broke out 15 seconds after the deto- 
nation. The cloud rose about 1,000 feet and deposited radioactivity on the 
ground. On integration of the radioactivity in the surveyed area (Figure 9, 
Appendix) it was found that 0.3 to 0.5% of the gross radioactivity escaped 
and had been deposited locally. Volatile isotopes were enriched several 
fold in the vented radioactivity. 

The tunnels collapsed at radii of 200 feet (Rainier), 820 feet (Logan), 
and 850 feet (Blanca) from their respective centers of detonation. There 
was no detectable leak of radioactivity into the tunnels from any of these 
explosions. On digging back into the sites it was found that radioactivity 
had been projected down the tunnels 600 feet for Blanca and 190 feet for 
Logan. 

From this experience it has been demonstrated that the radioactivity 
released by nuclear explosions can be successfully contained underground. 
It may be seen from Table 8 that the escape of radioactivity is small at a 
scaled depth of 300 w! . and at a scaled depth of 500 w! fs it was not de- 
tectable. All radioactivity would probably be contained at a depth of 400 
w'/> or greater in tuff, 

Neptune, Teapot-Ess, Jangle-U, and Jangle-S, all produced craters 
and released radioactivity to the atmosphere, In all these cases almost all 
of the radioactivity that escaped returned to earth within a few miles. With 
Neptune (Figure 10, Appendix) only 1% of the radioactivity escaped and was 
deposited near the crater, although the volatile isotopes and those isotopes 
with gaseous precursors were enriched several fold as noted for Blanca. 


B. Local Effects 


The ground motion from Rainier was barely felt at 2.5 miles and that 
from Blanca at 16 miles. There was no structural damage to tunnels or to 
facilities at or beyond 2500 feet from Blanca. These facilities included a 
hajor electronic recording station and a ventilation blower system for the 


tunnel, These observations give a rough indication of damage radii. 
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1 . , 1/3 
The airblast effects for all shots at scaled depths of 200 W or greater 


were negligible. These explosions were not audible at a distance of 2.5 miles, 
although some individuals reported hearing a dull boom from Rainier. While 
the explosions were not heard by ear, signals were detected by microbaro- 
graphs in several locations [private communication, Jack W. Reed, Sandia 
Corp., 1958}. 

The details of fracturing and bedding plane shifts were mapped and have 
been described elsewhere [Diment and others 1959]. For Blanca a major 
section of the top of the mesa shifted down the slope forming a scarp about 
70 feet high. The change in profile and area of slumping are shown in Figures 
1l and 12 of the Appendix. 

C. Earth Motion Measurements 

Acceleration and displacement measurements on Rainier by the Stanford 
Research Institute [Swift and Sachs 1959], Edgerton, Germeshausen and Grier, 
Inc. [1958] and Sandia Corporation [Perret 1958], indicated that a large earth 
cap beginning approximately 180 feet below the mesa surface separated from 
the mesa over the charge and subsequently fell back into place. The only 
significant vertical displacement occurred at or near surface zero and reached 
a maximum of 1 foot. The peak acceleration at surface zero was 6 g at 186 
milliseconds after zero time. 

For Blanca [Swift and others 1959, Morris and Schneiderhan 1959, 
Perret, to be published] the accelerations measured on the mesa surface 
show vertical maxima that are consistently larger than the horizontal. The 
mesa surface directly above the Blanca detonation point was displaced verti- 
cally approximately 30 inches in about 400 milliseconds. 

Seismic signals from the Rainier event were detected at various stations 
in the continental U.S. and at distances up to 1000 miles [Diment and others 
1959, Carder and others 1958]. Seismic signals were also detected (though 
barely resolved) at College Station in Fairbanks, Alaska at a distance of 2200 
miles. 

Seismic effects [Carder and others 1959] resulting from Blanca, Logan, 
Tamalpais and events of Hardtack Phase-II underground explosions were meas- 
ured by strong-motion and teleseismic seismographs out to distances of nearly 
100 miles. In addition, many temporary seismographs were operated by a 
number of organizations to distances of nearly 2400 miles, and routine seismo- 


graphs were operated on a world-wide basis. 
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Preliminary results indicate that the seismic effects were consistent 
with empirical formulas developed from Rainier data, except that attenua- 


tion of surface waves beyond 200 kilometers may have been higher than the 





formula for that distance would indicate. Results obtained from the smaller 





shots require considerably more thought before appraisal. Preliminary 


seismic data on Logan, for example, indicate that the fraction of energy in 


the seismic waves is about twice as large as expected from the Rainier 


formulas, 


Detailed Local Results 





Of the underground explosions, the first one, Rainier, has been studied 





in most detail and provides most of the data from which a model has been 
developed. Radioactivity and temperature distributions were determined by 
drilling and logging a series of holes through the active region. Cores were 


also recovered and subjected to chemical, radiochemical,and physical prop- 


awe er sw 6684 Gate 


erty determinations. Similar work, although not in as much detail, has been 


accomplished for the other explosions, In addition to drilling, two drifts 










have been driven through the Rainier shot zone. One drift passed about 25 
feet below and one about 100 feet above the center of detonation. The layout 


of drill holes and drifts is shown in Figure 2, Explorations by means of 


sree ws ee wee te 


drill holes permitted the determination of the properties of the medium sur- 


rounding the center of the explosion. 


“w. 


A. Temperature Distribution 





The temperature distribution [Goodale and others 1958, Olsen and others 







1959] for Rainier measured five months after detonation is shown in Figure 3. 
The energy-content within the various isothermal contours calculated 


using a mean specific heat of 0.3 cal/g/°C is listed in Table 9. 


RPLEDT betes * 


TABLE 9 


Thermal Energy Distribution (Rainier) 





aK 
Isotherm Average radius Accumulated total energy within isotherm 








a © feet gram-calories % of total prompt release 
20 100 1ole 60 
40 80 7xioll 40 
60 55 3x10!1 17 
80 30 6x10 10 3 





The temperature distribution was assumed to be axially symmetric. 
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The maximum temperature measured within the 80°C contour was 94°C, 
which is the boiling point of water at the altitude of the explosion. 

The temperature distributions for the other explosions have not yet 
been determined as completely as for Rainier but at least one hole has been 
logged for each. The general features of the distributions such as the geom- 
etry and the maximum temperatures observed were similar to those of Rainier. 
For Logan and Blanca the minor asymmetry in the temperatures and radiation 
distributions indicated that there was movement of some of the gases along 
fissures and in the direction of the tunnels at early times. 

For comparative purposes the approximate radii at which various tem- 


peratures were observed are listed in Table 10. 


TABLE 10 
Approximate Average Radii (feet) of Various Isotherms 
Isotherm 


°C Blanca Logan Rainier Tamalpais 


20 (240)" (190)* 100 


40 120 100 80 
60 80 55 
70 30 
140 96 


82 81 


(R> is the radius at which temperature first rises sharply.) 
(The background temperatures for Blanca and Logan were 20°C and 18°C, 
respectively. ) 


#2 
Fired in a large room. 


From these data Re can be scaled according to the expression: 


R> = 81 wi/3, The center of the Rainier temperature distribution appears 


to be displaced laterally about 20 ft. It is possible that the early gas venting 


took place in such a direction as to account for this effect. A large open 
vertical fault did exist 50 feet from that side of the point of detonation, but 


whether venting actually occurred into this region is not known. 
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B. Distribution of Radioactivity 

The general distribution of radioactivity was determined by logging 
drill holes through the active region and by surveying the areas of fallout 
for those explosions that released activity to the atmosphere. The gross 
distribution [Olsen and others 1959] as measured by thick-walled ion cham- 
bers for Rainier is shown in Figure 4. It is noted that the activity is con- 
centrated in a bowl-like shell several feet thick. This same general distri- 
bution was noted from the other explosions. The mean radii of the radio- 
active zones are listed in Table 11 [Olsen and others 1959]. A scaling law 
R = 50 wi/3 feet is derived from the scaled radii of the radioactive shells 


produced by the three large explosions. 


TABLE 11 


Radii of Radioactive Shells 


Event Radius (feet) Scaled radius (R/w!/3seet Act !/3) 


* 
Neptune 21 47 


Blanca 48 
Logan 85 50 
Rainier 2 52 


Tamalpais 30 73" 


xe 
Cratering shot 


ek ; 
Fired in a large room 


It was determined that the bulk of the radioactivity was concentrated 
in glass formed by the explosion. From the radiochemical analysis of this 
material it was concluded that 500#150 tons of rock were melted per kiloton 
of energy release. The glass contained between 60% and 85% of the gross 
fission products. However, those materials with gaseous precursors were 
depleted in the glass by as much as a factor of 100 from the nonvolatile 
species, These volatile isotopes were correspondingly enriched outside 
the radioactive shells. 

Since the fission products are comprised of many elements their 
volatilities range from very large (krypton, xenon) to very small (zirconium, 


cerium). The relative abundance of those species which are gaseous and 


refractory changes as radioactive decay processes proceed after the detonation. 
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Distribution of radioactivity — Rainier Event. 
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255 


Table 12 is a list of the parent-daughter relationships leading to some 


the isotopes which were later determined radiochemically. 


Mass 


19 


TABLE 12 


Decay Chains Leading to Isotopes Which Have Been Measured 


in Debris from Underground Explosions 


Element, half-life and measured isotope (underlined) 


Kr 


Xe 


Cs 


0.43 


$e ¢ 


33 


sec 


9.8 


sec 





30 


sec 


»> 


sec 


ec 


sec 


sh 


Rb 


Rb 





Br 30 
min 

Sr 

Sr 





n 

4 
i 
cl- 
4 
ie 

















10 

Y oa 
min 

Mo 

Cs 

Ba 

Ba is 
min 

La sh_ 


* 
sh — short (compared to a few seconds. } 


ta 


demonstrated in Table 


results from all of the explosions in tuff. 


Kr 








r 


N 




















The effect of the gaseous ancestors in leading to the depletion of cer- 
in nuclides from the glass and their enrichment in the vented material is 


13. These data are the summarized radiochemical 
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TABLE 13 


y of Radiochemical Data from Several 


Underground Explosions 


Percentage of Degree of Degree of 
total in enrichment in enrichment in 


x . 364 
Isotopes fused material rubble chimney vented material 


85 
Kr 


S 


< 1% ~0 All in gas 
"?, - 10% >2 ~ 10 
40% >2 ~5 
60% >2 >2 


100% <2 <2 
~ 100% 1.0 1.0 


Examples which have been measured. 
2% 
A.E. represents actinide earth. 


46203 . : 
Observed from Neptune and Blanca. 


It should be noted that since sr°? and sr?? are strongly depleted in 
the glass debris, the gases must have escaped from the glass in times 
comparable to the half-lives of their krypton ancestors (3.2 minutes and 
33 seconds). At the temperatures in the cavity, around 1000° or 1500°C, 
several other fission products are volatile and also appear to be depleted 
from the glass and enriched in the vented material. Arsenic, cesium,and 


uranium appear to behave in this way. 


Phenomenology 


The following discussion largely pertains to Rainier since most of the 
measurements have been completed at that site. Based on the fact that the 
radioactivity and temperature distributions were concentrated in shells and 
that within these shells the region was generally permeable to drill water, 


while outside it was much less permeable, led to the conclusion that the ex- 


plosions produced cavities of radius R = 50 w'/3 feet, which stood for a 


short time, then collapsed. 
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In the case of Rainier, the description of the state of the cavity at this 
time and its collapse has been described by Kennedy and Higgins [1958]. The 
cavity when first formed was lined with about 4 inches of melted rock and filled 
with steam at a pressure of 40 atmospheres, which is approximately the litho- 
static pressure. The cavity stood long enough, between 30 seconds and 2 min- 
utes, for much of the fluid rock to flow down the sides and to drip from the roof. 
At this time the cavity began to collapse and cooled rapidly due to expansion of 
the steam. The sudden cooling quenched some of the droplets of rock in free 
fall, as well as some of the 'icicles' as they hung suspended from the cavity 
roof, The cavity was filled with broken rock from the collapse, and the caving 
progressed vertically to a distance of 386 feet above the point of detonation. 

Inspection of the interior of the collapsed zone revealed the distribution 
of size of blocks formed. The blocks in the lower drift varied from a few inches 
in diameter, just inside the radioactive zone, up to several feet in diameter 
near the center. The regions between the blocks were filled with pulverized 
material which had resolidified by the time the re-entry was accomplished one 
year after the explosion. The recementing is not surprising for material with 
high clay content. 

The drift, 100 feet above the zero point, first broke into a block-caved 
region 75 feet out from the vertical line passing through the center of detonation. 
At this point the blocks were a few inches to a few feet in diameter with open 
fractures, then graduated down to a fine powder at a distance of 65 feet. Ata 
distance of 40 feet a large cavity was encountered. In summary the collapse 
of the initial cavity produced a broken permeable zone that appears to be cy- 
lindrical with a radius of 65-75 feet for the first 100 feet of height, and with 
a total height of about 386 feet. The radius of the collapsed zone above 100 
feet has not yet been measured. 

Soon after detonation the high temperature rocks rapidly cooled to the 
boiling point of water (94°C, at this altitude - 6600 feet), because of the water 
content of this tuff and the large permeable zone resulting from the collapse 
of the cavity. The diffusion of heat then took place at a lower rate leading 
to the observed distribution measured five months after detonation (Figure 3). 

The Rainier device was detonated in a room 6'X6'X7', which contained 
about one ton of material. The initial temperature and pressure in the room 


can be calculated as follows: 


Energy density: E=E +E_= 
) p r 
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where a = energy density in the particles 

E. = energy density in radiation 
n ~ A,p/M = number of particles per cm 
k = 1.37x107 '® erg/°K (Boltzmann's constant) 
T = Temperature °K 

= 5.74x107> erg/cm*/°K* (Stefan-Boltzmann constant) 
c = 3x10! cm/sec (velocity of light) 
A, = 6.04x10°? (Avogadro's number) 
M = molecular weight 
p = density in g/cm? 

This can be put in the form 
E =3/2 - k T + sor" 
= 1.25x10° 2 Tt +7.65x107!> 74 erg/cm> 


M 
The pressure equals 2/3 particle energy density plus 1/3 radiation 
energy density thus 
~ 2? 


-15 


P = 0.83x10° 2 T +2.55x10 T* dynes /cm* 


a 
M 
- 19 
The prompt energy release of the Rainier explosion was 7.2 X 10 ergs. 
: 6 

Since the mass of material in the room was about 10° g and the volume was 
os ae 2 3 
7X 10° cm’, the mean density was 0.14 g/cm’. At extremely high tempera- 
tures essentially all electrons are stripped from nuclei and since the atomic 


weight is approximately twice the atomic number, the effective molecular 


weight is given by 
ZN. X2Z 


- i i . 
Mor * Seth * 


where N; is the number of atoms of atomic number Z; and the summation is 
taken over all atoms in the zero room. Applying these numbers as indicated 
leads to the fact that the temperature a few microseconds after detonation 
was about 1,000,000°K and the pressure 7,000,000 atmospheres (bars). The 
radiation pressure at this temperature is 2500 bars. 

The calculation of the behavior of the medium from this point onward 
was carried out by J. Nuckolls [1959], who extended the earlier calculations 
of Pelsor [private communication]. Nuckolls' treatment involved the devel- 


opment of a code for a computer calculation of the behavior of the medium 


13) 
str 


30! 
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from a few microseconds to about 100 milliseconds. This time was suffi- 
ciently long to permit calculation of all the dynamic behavior of the system. 
Only the general results of this calculation will be given here. 

It was assumed that tuff has negligible large-scale tensile strength 
and behaves as a linear elastic solid as long as the tension does not exceed 
the stress due to overburden pressure. The elastic constants used in the 
calculation were the measured values for bulk modulus, shear modulus, and 
sound speed. After the tension in the spherical shell exceeds the lithostatic 
stress the components of the stress tensor are set equal to a pressure (shear 
modulus equal to zero) which is related to the volume by a bulk modulus type 
equation of state. 

From the calculations, the shock time-of-arrival was determined. This 
information together with the measured results of Porzel [Cohn and others, 
to be published] are shown in Figure 5. In Figure 6 the peak shock pressure 
as a function of radius is given. It decreases as go t.39 out to about ten meters. 
The tuff was vaporized to a radius of 2.3 meters in 0.2 milliseconds (peak pres- 
sure 1.0 megabar) and melted by shock to 3.3 meters (0.4 mb). Enough energy 
was deposited by the shock in the first 4.6 meters to melt all the tuff within 
this radius (660 tons). Radiochemical analysis om Rainier gave about 800 tons. 
This total amount melted is the sum of the shock induced melting (660 calcu- 
lated) and the melting induced by fission-product decay energy and should be 
about 1.2 times larger than the shock induced melting alone. The factor 1.2 
results from the ratio of the percentage of prompt energy in gas + liquid + 
fission product divided by the prompt energy in gas + liquid. 

The shock progressed outward and crushed the medium to a radius of 
130 feet where the pressure was 1.4 kilobars, or twice the static compressive 
strength. The elastic radius was calculated to be 285 feet horizontally and 
305 feet vertically. 

It was calculated that a spherical cavity was formed which expanded 
outward as the shock advanced. The melted tuff formed the inner surface 
of this cavity. The calculated rate of growth of the cavity is given in Figure 7. 
It is noted that it reached its maximum radius of 62 feet in about 80 milliseconds. 
The radius that was determined experimentally is in agreement with this value. 

Nuckolls also calculated the energy and temperature distribution at 90 
milliseconds after detonation. At this time, less than 0.5 percent of the energy 


is kinetic energy and therefore the system is essentially static (Table 14). 





RADIUS (meters ) 
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© PORZEL MEASUREMENTS 
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Fig. 5. Shock time-of-arrival — Rainier Event. 
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1.0 MB AT 7.0' 


0.4MB AT 10.0’ 
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Fig. 6. Peak shock pressure — Rainier Event. 
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Rate of growth of Rainier cavity. 





NUCLEAR WEAPONS TEST BAN CONTROLS 263 


TABLE 14 


Rainier Energy Distribution 
Percentage of 


State Radii prompt energy 
Gas O - 62 ft 8.2 
Liquid 62 ft - 62-1/4 ft 19,1 
Crushed 62-1/4 ft - 130 ft 47.0 
Fractured 130 ft - 280 ft 21.2 
Elastic 280 ft 435 


The calculated temperature distribution after the cavity had ceased to 
grow but before it collapsed is shown in Figure 8. 

From the known melting properties of tuff, it was concluded [Nuckolls 
1959] that the melted material at this time must have been at a temperature 
of 1200-1500°C. To heat 800 tons of tuff (15 percent water) to this tempera- 


= 


ture range would require about 5.7 X 1o!! calories. This is 32 percent of 
the total energy release (prompt plus fission product heat) of the Rainier ex- 
plosion (1.8 X 10 !4 calories). Nuckolls' calculation gives 27 percent of the 
prompt release (1.70 X 10/2 calories). Since the energy of fission-product 
decay should contribute between 3 and 4 percent additional to the prompt 
melting energy, the numbers are consistent. 

By assuming that all of the water from the molten and vaporized rock 
remains in the cavity as steam and that the temperature is about the same 
as the molten rock (1500°C), the pressure due to steam in the cavity can be 
calculated to be 40 bars, which can be compared with the lithostatic pressure 
of 50 to 55 bars. An experimental confirmation [Kennedy and Higgins 1958] of 
this estimate was made by heating some of the glass, which had condensed in 
free fall in a vacuum furnace to drive out the gas. From the measured quantity 
of trapped gas, it was found that the pressure in the contained bubbles was 40 


bars, which agrees with the calculated value. 


6. Summary 


1. The radioactivity of nuclear explosions in the kiloton range in tuff 
can be completely contained underground at depths of D = 400 wi/3 feet or 
greater. 

2. The initial cavity formed by the explosion has a radius of R = 50 wi 


feet. 


3 
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3. Initially melted rock, which is converted to glass on cooling, amounts 
to 500 + 150 tons per kiloton of energy release. 

4. The collapse of the cavity produces a zone of about 70,000 yds> /kt 
(120,000 tons /kt) of broken permeable material. 

5. The major portion (65-80 percent) of the gross fission product 
activity is in dilute (one part per 10,000,000) solution in glass. The remainder 
(20-35 percent) is distributed throughout the collapsed zone of the chimney and 
is deposited on the surface of the broken material. 

6. About 30 percent of the total energy release of the explosion is 
initially deposited in steam and hot rock at a temperature in excess of 1200°C. 
This temperature rapidly degrades to the boiling point of water. One year after 
the Rainier explosion this energy resided within a volume whose radius was less 


than 80 feet. 
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LEGAL NOTICE 





This report was prepared as an account of Government sponsored 
work. Neither the United States, nor the Commission, nor any person acting 
on behalf of the Commission: 


A. Makes any warranty or representation, expressed or implied, with 
respect to the accuracy, completeness, or usefulness of the information con- 
tained in this report, or that the use of any information, apparatus, method, 
or process disclosed in this report may not infringe privately owned rights; or 


B. Assumes any liabilities with respect to the use of, or for dam- 


n ages resulting from the use of any information, apparatus, method or process 
disclosed in this report. 


As used in the above, "person acting on behalf of the Commission 
includes any employee or contractor of the commission, or employee of such 
sions. contractor, to the extent that such employee or contractor of the Commission, 
or employee of such contractor prepares, disseminates, or provides access 
to, any information pursuant to his employment or contract with the Commis- 
sion, or his employment with such contractor. 
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Representative Ho.irieLp. Our next witness will be Dr. Richard 
M. Foose, chief of the department of earth sciences, Stanford Research 
Institute, and a member of Technical Working Group II of the 
Conference on the Suspension of Nuclear Tests. He will present tes- 
timony on procedures and techniques of on-site inspection to include 
team phasing, individual techniques, and future programs and re- 
quirements. 

He received his Ph. D. in structural and economic geology at the 
Johns Hopkins University in 1942. 

You may proceed, Dr. Foose. 


STATEMENT OF RICHARD M. FOOSE,’ CHIEF, DEPARTMENT OF 
EARTH SCIENCES, STANFORD RESEARCH INSTITUTE 


Dr. Foose. Mr. Chairman and members of the committee, this pres- 
entation will be concerned mainly with three subjects: the procedures 
that an inspection group might follow, the instrumental and other 
techniques that could be used by the group, and research programs 
that might improve inspection capability. 

At the beginning, I would like to emphasize that even if it were 
known that a nuclear explosion had occurred, if through decoupling 
or any other means a seismic signal were not received, then there 
would be no basis for inspection as the present system is conceived. 

On-site inspection will be required as an integral part of any control 
system for nuclear testing as long as instrumental techniques for de- 
tection of a seismic event are unable to identify the cause of that event 
and as long as physical evidence must be collected to provide proof 
that a nuclear explosion had occurred. 

The capability of an inspection group to accurately identify a seismic 
event has been variously estimated by some to be zero, and by others 
to be 100 percent. This unusual range of opinion reflects the limited 
knowledge we have of techniques that might be employed by an 
inspection group, and even more important, the complete lack of 
experience in applying these techniques to either a real or simulated 
clandestine nuclear test. 

Although it is not possible to state the degree of likelihood of accu- 
rate identification, generally there would always be some likelihood 
and, with increased experience in the application of inspection tech- 
niques, the likelihood might improve. 

The only occasion on which techniques potentially applicable to 
onsite inspection have been tried in the field were during the Hard- 
tack experiments in October 1958, and during the Cowboy experiments 
recently concluded in Louisiana. 

The final report—WT-1739—describing investigations made at 
Hardtack, titled “Identification of Possible Underground Nuclear Ex- 
plosions by Onsite Inspection,” by Richard M. Foose and Robert B. 


1 Head of the earth sciences department, division of physical and biological sciences, Stanford Research 
Institute, Menlo Park, Calif. 

From 1937 to 1939 he was an assistant instructor in geology at Northwestern University. 

From 1939 till 1946 he was on the staff of the Pennsylvania Geological Survey, the last 3 years as senior 
geologist in charge of the strategic minerals p' ‘ 

In 1946 he went to Franklin and Marshall College to organize a department of geology and was professor 
and head of that department till 1957 when he went to Stanford Research Institute to organize the depart- 
ment of earth sciences. : 

He was in charge of the research studies dealing with onsite inspection a carried out during the 
Hardtack experiments, October 1958, and the Cowboy experiments, Jan -March 1960. 

In November-December 1959 he was one of the scientists who participated in Technical Working Group 
No. 2 of the conference on the Discontinuance of Nuclear Weapons Tests at Geneva. 
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Hoy discusses the practical application of aerial observation and photo- 
reconnaissance methods, as well as ground and underground inspec- 
tion techniques. 

The report attempts to evaluate the applicability and limitations of 
inspection methods, considers the role and operating methods of 
mobile inspection groups, tabulates clues that might be associated 
with the human activity peculiar to conducting underground nuclear 
explosions, and discusses the methods and equipment to be used in 
drilling to obtain a radiochemical sample. There is no report avail- 
able as yet describing similar studies carried out during the Cowboy 
experiments. 

This discussion of procedures and techniques of onsite inspection is 
based upon the work carried out during both Hardtack and Cowboy 
and upon theoretical considerations and discussions during the past 
2 years. 

INSPECTION GROUP PROCEDURE 


The objective of an inspection group would be to (1) determine in 
the field the cause of a seismic event; and (2) to obtain proof it the 
event was caused by a nuclear explosion. 

The initial task of the inspection group would be to reduce the size 
of the inspection area from the 100 to 500 square kilometers indicated 
by the teleseismic net to almost the exact epicenter so that proof of a 
nuclear event could be obtained by drilling for a radioactive sample. 

Mr. Chairman, we have had various sizes of the original inspection 
area indicated by those who have testified previously; 100 to 500 
square kilometers equates with 40 to 200 square miles. 

Representative Hotir1eELp. How much was that? 

Dr. Foosr. About 40 to 200 square miles. If there is any deviation 
from this I would defer to Dr. Romney, who I think agrees that this 
is an appropriate figure. 

If the evidence points to a natural earth shock as the cause of the 
detected seismic disturbance, the precision of this epicentral determi- 
nation need not have a high degree of accuracy. In fact, it may be 
impossible to determine the epicentral location of an earthquake closer 
than the teleseismic net did originally. 

In this case the primary objective of the inspection group will be 
achieved by positively identifying the event as an earthquake without 
the necessity of pinpointing the exact epicenter. However, if the 
event cannot be established definitely as a natural seismic event and 
suspicious circumstances point to a possible clandestine nuclear explo- 
sion, more precise epicentral locations will be required. 

In approaching this task, the following three inspection phases 
would probably be used in the order indicated, although this might 
vary, depending upon individual situations. 

Phase 1: Aerial reconnaissance—observation and photography— 
would be used to select one or more areas probably as small as 1 to 5 
square kilometers. In the aerial phase of onsite inspection, most 
techniques are reconnaissance in nature; some are detailed. They 
include visual, photographic, radiation, magnetic, electromagnetic, 
and infrared surveys. 

These surveys utilize all types and sizes of aircraft ranging from 
small helicopters to multiengine fixed-wing craft. The observational 
or survey altitudes range from.50 to 6,000 meters above the terrain. 

55625—60—pt. 119 
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Selection of type of aircraft and of survey elevation depends upon the 
environment to be inspected and the survey method being employed. 

Phase 2: Detailed inspection by air, on the ground, underground, 
and on and under water would be made with the objective of selecting 
drilling sites within 500 feet of the epicenter. The detailed techniques 
of inspection include both direct visual examination and sophisticated 
and complex geophysical techniques, such as seismic profiling. 

Phase 3: Drilling with the objective of penetrating the explosion 
site and collecting a radiochemical sample. The drilling phase is 
mechanical in nature and includes very well developed techniques. 

In carrying out phase 1, air reconnaissance, four alternative findings 
may result, and in each of these cases alternative decisions are possible: 

1. Terrain and cultural evidence might definitely indicate the 
seismic event was an earthquake. The decision alternative is to 
(1) terminate inspection without any ground examination; or to 
(2) carry out routine and corroborative ground examination. 

2. Terrain and cultural evidence definitely indicate seismic event 
was an underground explosion. The decision alternative is to (1) ter- 
minate the inspection in the rare event that radiochemical proof 
might be obtained from air—due to venting; or to (2) carry out 
inspection on the ground of a well-defined target area. 

3. There is no terrain or cultural evidence that would strongly indi- 
cate seismic cause, but there is evidence of human activity within the 
area that might be associated with an explosive experiment. The 
decision alternative is to (1) terminate inspection; or (2) to carry out 
ground examination in one or several areas of 1 to 5 square miles. 

4. There is no terrain or cultural evidence that would indicate 
seismic cause and no evidence of human activity. The decision alter- 
native is (1) to terminate inspection; or (2) to carry out inspection on 
the surface by either (a) one or two traverses across target area; or 
(b) by one or more spot checks within the target area. 

In carrying out phase 2 on the ground, visual inspection would be 
made in areas of probably 1 to 5 square miles. The alternatives and 
possible decisions that exist after inspection of several hours to 1-day 
duration are that: 

1. The evidence indicates seismic event was an earthquake in which 
case the inspection could be terminated. 

2. The evidence strongly suggests the seismic event was an under- 
ground explosion, in which case appropriate detailed inspection 
techniques would be used to define the epicentral area. The techni- 
ques used first in most cases would be low-level aerial observation and 
large-scale photography from the air and aerial infrared surveying. 
On the ground they would probably be seismic noise monitoring and 
vertical motion surveying. 

3. The evidence is inconclusive or suggests ‘‘no event,” in which 
case the inspection would be (1) terminated; or (2) some or all of above 
detailed inspection techniques would be used as a further check. 

The detailed inspection techngiues in phase 2 would be used in 
areas of probably one-half to 1 square mile with the objective of de- 
fining the epicentral area to less than a radius of 500 feet. 

In phase 3, drilling would be carried out with the objective of col- 
lecting a radiochemical sample that would constitute proof of a nu- 
clear test. Assuming that the epicentral area had been defined in 
the prior phase of inspection to an area 500 feet in radius, the follow- 
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ing table indicates the number of drill holes in a triangular grid pat- 
tern that would be required to insure 100 percent completeness of 


search for a radioactive zone of specified radius at a depth that would 
insure no surface disturbance. 


| Approximate 
Yield Containment} radius of Number Total drill 
| depth (feet) | radioactive of holes footage 
zone (feet) 





St PL bh 6capcccncccnnannenseneabingndtenius 60 63 75, 600 


, 200 
I bdo a ee al a 2, 700 150 10 27, 000 
Be PO clin Siow nen cctv eas macubith bb ketulnash oeaeeg lead 4, 700 250 4 18, 800 


The estimated time in days and the cost to drill the required foot- 
age at the rate of 25 feet per shift is indicated below: 





Footage Estimated 1shift | Time (days)| 15 shifts 
cost ! 3 shifts 
a $378, 000 $3, 024 1, 008 202 
RE IPE, 2x EES St Ht 135, 000 1, 080 360 72 
SUL cl techies oasatvanbant sidihatineenae 94, 000 752 251 50 





1 At $5 per foot and exclusive of all mobilization costs. 


This assumes that all holes were drilled and that you might not 
find it until the last hole. 

Assuming that only a specified number of holes, n, were drilled in a 
square ~ pattern within an epicentral area of 500 feet radius, the 


probability of discovery—in percent—of the radioactive zone is indi- 
cated below: 








Yield 5 holes 10 holes 
er IIIs aint eset htnihsiptahcinenies ieiguilecasilnhdeiaidiys atest ae 0.03 0.12 
eg a ee - 26 . 94 
ee OU Sia aisi tc nbghnmadak sae acienanadadatinasdebelceedthtadssinniken 1.00 1.00 





Thus, five drill holes would provide a 26-percent chance of discovering 
a 20-kiloton size zone in a 500-foot radius epicentral area. 


INSPECTION TECHNIQUES 


The effectiveness of an inspection group would be dependent 
ultimately upon the capability of the individual techniques and of the 
group to use them with a high level of imagination. 

Techniques that might be useful fall into four main classes: 
(1) Visual and photographic; (2) surveying; (3) geophysical; and 
(4) geochemical. All but the first involve instrumental measure- 
ments. 

The only attempts to evaluate the applicability of these techniques 
to problems of onsite inspection in the field have been during the 
Hardtack II and Cowboy experimental tests. The techniques used 
include visual examination, photography, and radiation surveys in 
the air, on the surface, and underground; and seismic noise monitoring 
and vertical displacement surveys on the surface. 
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Limited observations were also made of the techniques of seismic 
profiling and water analysis. The geophysical techniques involving 
magnetic, electrical, electromagnetic, and gravity phenomena were 
not studied at Hardtack or Cowboy. They have been used exten- 
sively in the field for other purposes, however, and have received 
serious consideration by experts regarding their possible application 
to inspection. 

Since all measurements and observations on these techniques at 
Hardtack and Cowboy were made with precise knowledge of the 
location of the explosive device and all of the important characteristics 
of the environment were studied both before and after the detonation, 
any evaluation of the techniques must be considered in the context 
of no concealment. 

Representative Ho.irre.p. You mean by that that you would 
have to approach the problem completely different from your actions 
at Hardtack and Cowboy because you had all the pertinent facts? 

Dr. Foosr. That is correct. 

Representative Hotirieip. You did not have to ascertain them. 

Dr. Foosn. That is correct. 

Representative Houirie_p. Therefore, the only thing that we have 
in the Hardtack and Cowboy series is the experience of the registering 
of instruments and the time for drilling in, the time for constructing 
the holes. 

Dr. Foose. And the visual observations. 

Representative Honirrenp. And the visual observations that 
were involved. 

Dr. Foose. This was all carried out with full knowledge of where 
the device was and knowledge of the environment before and after- 
wards. I am saying, therefore, that an effective evaluation cannot 
be made without an attempt to carry out a simulated or a real 
clandestine nuclear test. Until that time our evaluations will be 
based upon the full knowledge of these things. 

Representative Duruam. If you had about 10 seismic disturbances 
and had to inspect them on the basis of what you told us here, you 
would probably have full employment in most of the country if we 
tried to find them. 

Representative Van ZANDT. When Mr. Foose was introduced, I 
identified him immediately as a Pennsylvania Dutchman. 

Dr. Foosr. That is correct. 

Representative VAN ZANpT. I see you are from Lancaster, Pa.; 
therefore, you are no doubt familiar with Pennsylvania’s mining 
activities, both anthracite and bituminous? 

Dr. Foosr. Very familiar. 

Representative VAN ZANpt. What about the utilization of our 
abandoned coal mines since, as you know, we have hundreds of them 
which include a lot of deep mines. Could they be used for this 
experiment? 

Dr. Foosr. Mines could certainly be used for the experiment, Mr. 
Van Zandt. In fact, probably mines would be one of the appropriate 
places for carrying out an experiment of this type. 

Representative VAN ZANpT. I notice here in your statement that 
you talk about the central control and tunnels leading out to test 
sites. That is typical of what you find in a lot of these coal mines. 
They have a central control point with tunnels leading out to the 
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pockets of coal. 


To me it would be a natural and save the Govern- 
ment millions of dollars. 


Dr, Foosx. It is probably also true, reflecting Dr. Violet’s testi- 
mony, that there would have to be special attention paid to the prep- 


aration of the mine for carrying out the test. You see, the Hartack 
experiment really was testing in a mine, but in this case a mine created 
for that purpose. 

Representative VAN Zanpt. What percentage of overall cost would 
you charge to actually the drilling of the central control point and 
tunnels? 

Dr. Foose. If you are asking about the planning and the execution 
of the test, then I am not capable of answering that. 

Representative VAN Zanpt. Let us take the overall preparation of 
a mine for the purpose of testing. What percentage of it would you 
charge of to actually preparing the mine, such as tunneling, and so 
forth? 

Dr. Foosr. I think the question should be answered, Mr. Van 
Zandt, by those who have actually carried out testing and have, there- 
fore, the figures. 

Representative HouirieLp. We do have some figures on the tun- 
neling. I think the estimate was around $13 million for a certain 
type of exploration by one of the previous witnesses. 

Representative VAN ZANpT. Percentagewise, does it represent 75 
percent of the overall cost? That is what I am trying to arrive at. 

Dr. Foosr. I am really indicating that I am not competent to 
answer. I just do not know. I have not given that any attention. 

Representative Houtirietp. Dr. Beers may be able to answer that 
and he is the next witness. 

Pursuing this matter that I think Mr. Van Zandt so appropriately 
brought up, we have many thousands of miles of mining tunnels in 
the United States of different kinds—coal mining, silver, lead, gold, 
tine, all these types. 

We are all aware of communities such as Joplin, Mo., where there 
is a complete labyrinth of underground tunnels and cavities. I am 
sure in the area of Pittsburgh, Mr. Van Zandt, it is the same way. If 
you wanted to set off a test without showing outside extracurricular 
activity, you might say, why would it not be possible to use some of 
these tunnels, dig out the size chamber you needed by high-explosive 
methods and store the debris in other unused tunnels and go right 
thead and have the testing in these chambers? 

Dr. Foosr. Mr. Chairman, I think there is no question about the 
fact that mines might be used for carrying out tests of this kind. I 
would point out that in doing this it will be essential that the shot be 
contained just as effectively from surface disturbance of the tunnels 
is from surface disturbance of the earth’s surface, because an inspec- 
ion team would be able to move into the mine just as well as they 
tan move ucross the surface. 

If there is obvious disturbance, noncharacteristic of normal mining 
activities within a mine tunnel, this would, of course, attract the 
attention of an inspection group. 

Representative Hotirretp. But this would presuppose the deter- 
mination that a suspicious event had occurred. 

Dr. Foose. Of course. 
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Representative Hoxirrevp. If it occurred in a comparatively large 
chamber underground, and there are many of those large caverns 
underground, then the decoupling effect might preclude the establish- 
ment of a suspicious event and, therefore, there would be no inspection 
called for. 

Dr. Foose. You are quite right. As I said at the beginning, this 
entire discussion of how you would go about an on-site inspection is 
predicated upon the receipt of a signal indicating that there was an 
event that was not identified and, therefore, was subject to being 
selected as an inspection case. 

Representative Houir1evp. It is quite well known that the Russians 
have extensive mining operations, is it not? 

Dr. Fooss. That is right. 

Representative Houririetp. Our Bettis Laboratory near Pittsburgh 
happens to be over an abandoned coal mine, I understand. 

Representative Barres. Dr. Foose, how do you definitely determine 
the seismic event was an earthquake? 

Dr. Foosr. Mr. Bates, we have gotten back into testimony that 
pertains to detection rather than inspection. 

Representative Barres. I mean from your statement here. You 
indicate that under these different situations the evidence indicates 
that the seismic event was an earthquake. 

Dr. Foossr. Yes; I am sorry. 

Representative Bares. With respect to that portion of your state- 
ment, how do you definitely determine it was that? 

Dr. Foosr. One of the alternatives would be that the inspection 
definitely would indicate that it was an earthquake. Some of the 
things that would definitely indicate that it was an earthquake would 
be terrain disturbances over a large area, much larger than could be 
occasioned by the detonation of an explosive. 

Representative Barres. Much larger than a nuclear explosion? 

Dr. Foosr. Much larger than a nuclear explosion; that is correct. 
An earthquake usually has the characteristics, if there are terrain 
effects at all, of having these terrain effects over a much larger area 
than would be the case with any kind of explosive—high explosive 
or nuclear explosive. 

For instance, the recent effects of the earthquake in Yellowstone 
Park last year were widespread and could not in any way have been 
confused by an inspection team as having been caused by a nuclear 
explosion. 

Mr. Conway. But these would give seismic reading that your 
instruments would indicate even before you went out to inspect 
on-site. 

Dr. Foosr. Possibly so. But if they were unidentified by the 
seismic detection net and if an inspection team went in and found 
these evidences on the surface, then there would be no question that 
an earthquake was the cause. 

Representative Horirretp. In some of the large earthquakes, as I 
understand it, the area where the initial movement starts is spread 
over many, maybe many miles rather than being in a solid location 
where a nuclear event might occur. 

Dr. Foosr. That is correct. Most earthquakes do involve a slip- 
page of a part of the crust. If it is of sufficient magnitude, this almost 
automatically means a rather widespread terrain effect. If the earth- 
quake is of a smaller magnitude there may be no terrain effect. 
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Representative HoxtrreLp. Would you say a large earthquake has 
no epicenter, as we think of epicenter in the nuclear explosion? 

Dr. Foosr. Not as precise an epicenter, I think. 

Representative Houirre.p. In other words, the starting area would 
be much larger than it would be with a nuclear explosion, compara- 
tively speaking. 

Dr. Foosn. Yes. 

Representative Ho.utrretp. Therefore, your signals in different 
stations would be different, would they not? 

Dr. Foossr. This is generally correct. In the case of an earth- 
quake we must conceive of it as starting at a point, but very rapidly 
it may develop into an action over a very large extent of the earth’s 
crust. 

Along the San Andreas fault, there has been earthquake movement 
for hundreds of miles. The initial movement may have started at a 
point, but very quickly developed to a very great extent. 

Representative Hoxiirretp. Almost the full length of the State of 
California. I hate to give this advertising. 

Representative Hosmer. Northern California. 

Representative Houitrretp. I can remember that Long Beach looked 
pretty sick when I went down to see it. 

Representative Hosmmr. That was a different domestic earthquake. 

Representative Bates. How often would you have this type that 
would be readily recognizable as an earthquake? Is that an unusual 
event when it has this significant nature? 

Dr. Foosn. You mean where there would be terrain effects that 
would leave no doubt in a person’s mind that this was in fact an 
earthquake? I cannot give you a number. 

Representative Bates. Is it very rare? 

Dr. Foosn. It is not very rare, but it is not very common either. 
[ just cannot apply an exact number to it. Certainly in the United 
States it would be something less than five in a couple of years. 

Representative Bates. In seismic reading, what would that be 
approximately? 

Dr. Foosr. This is one of the areas of research that is definitely 
needed. We need to be able to equate the kinds of terrain effects and 
the area of terrain effects to magnitudes. 

Representative Bates. It would be over the 4.75 reading? 

Dr. Foosr. I would say in almost every case, yes. But I am not 
sure it would be in every case. 

Representative Van Zanpt. Doctor, was the signal from the Yel- 
lowstone Park earthquake recorded worldwide or was it in a limited 
area? 

Dr. Foosr. It was recorded for very great distances. I cannot 
answer your question specifically. I am sure Dr. Romney or one of 
the other seismologists in the room could. Not being a seismologist, I 
really do not know that. It was recorded over very large distances. 

Representative Hotirietp. You may proceed. 

Dr. Foosn. Experience at Hardtack: 

At Hardtack all of the underground shots had some surface ex- 
pression. Blanea, Logan, and Neptune shots had unmistakable 
surface evidence in the form of fractures, rock displacement and 
Vegetative disruption visible both by direct observation from high 
altitudes and on 1:20,000-scale aerial photographs. 
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The earlier Rainier shot also was clearly identified by observation 
and aerial photography of altered terrain features even a year after- 
ward. Tamalpais and Evans shots were not identified from the air. 

Representative Bates. I wonder if you could go back to the ques- 
tion I asked originally, determining from the surface whether this 
was actually an earthquake. I gather from what you had said previ- 
ously that the nuclear shot would not give you a disturbance on the 
surface in the form of fractures, rock displacements, et cetera. 

Dr. Foosr. No, that is a misunderstanding. What I mean to say 
and hope to make clear is that it would be quite easy if there were 
terrain effects from an earthquake and from an explosion to distin- 
guish between them because of the wider spread of the effects from 
the earthquake and the more precise and centralized effects caused by 
the explosion. 

Representative Bates. So it could be just over a broader area but 
the image itself could be similar in a narrow band. 

Dr. Foosr. It could be similar, but there are also very diagnostic 
characteristics that would be associated with the effects from an 
earthquake and those from a nuclear explosion. 

For instance, the effects 1 am now describing from Blanca, Neptune, 
and others, were not only centralized, but had certain orientations to 
the fractures that were created by the explosion which would not be 
the same kind of orientation, for instance, that is associated with 
an earthquake. 

So there are other diagnostic differences that one would be able to 
quickly identify. 

Aside from the direct evidence of altered terrain features, the 
evidence of human activity, particularly that of many concentrating 
roads, served to define the Hardtack area very clearly. 

All of the Hardtack shots could have been planned and executed 
at a depth sufficient to insure containment and, hence, no physical 
alteration of the surface. Also, the specific human activity associated 
with a nuclear shot might be camouflaged, but elimination of all 
evidence of human activity—and of general types of activity— 
would be extraordinarily difficult. 

Hence, aerial observation and photography would be a highly 
important inspection technique for more precisely defining areas for 
detailed examination. 

Representative Houirretp. You are talking about the preparation 
of the area for the test there, are you not? 

Dr. Fooss. Exactly. I am talking about the kinds of human 
activity that would be associated with test activity. 

Representative Houirretp. If this was handled in an underground 
mine, as Mr. Van Zandt suggested, you would have your normal 
activity, the mining operation, the dumping of debris and that sort 
of thing. 

Dr. Foossr. This is true, but a very important point, Mr. Chairman, 
is that if we were going into an inspection area of a hundred square 
miles and if we found in that area one mine and literally no other 
human activity, or only an innocuous kind of human activity, we 
would go to that mine first of all. This would serve, then, to define 
the 1 to 5 square miles for priority inspection effort, even though all 
we saw from the air was mining activity. 

Representative Hosmer. Even if you came in there and found 
that there was an explosion, then the host country says, “Well, I will 
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be darned, some dirty foreigners must have come in there and blew 
off a bomb.” You wouldn’t have much chance of finding out who 
actually did blow it off, would you, under those circumstances? 

Dr. Foosr. Thus far I am confining my remarks to the technical 
approach that would be made by the inspection team. 

Representative Hosmer. That would probably be the anticipated 
consequence of discovering something going off like that. I suppose 
the inspection team ought to be prepared to go into that, too. 

Dr. Foosr. I think vou are probably right that there are aspects 
of inspection that may supersede, in some cases, the technical function 
of the group. They must be prepared, perhaps, to devote some of 
their attention to the psychological, even the philosophical aspects of 
inspection. 

Representative Hoxtrretp. Will you proceed, please. 

Dr. Foosr. Visual examination on the ground and underground of 
both terrain features and the features associated with human activity 
at Hardtack served to define the epicenter of all shots to within a 
radius of 100 feet with the possible exception of Tamalpais. In an 
appendix (No. 1, p. 301) attached to this statement some of the 
chien that might be observed during examination of an area are 
listed. 

Following the Evans, Logan, and Blanca shots, attempts were 
made to listen to aftershocks with geophones with the objective of 
defining the disturbed region around the detonation point. After- 
shocks were recorded, but the equipment was operated for such a 
limited period of time that the technique still remains to be evaluated 
for both explosive and earthquake seismic events. 

Vertical displacement, occasioned by subsidence of the surface 
following Blanca, was measured over a period of 90 days by the use 
of liquid-level gages. If a shot were not so deep that surface sub- 
sidence were precluded, this technique is capable of accurately 
measuring changes in surface elevation and of closely defining the 
epicenter. 

While this summarizes the results and the extent of actual field 
study of possible inspection techniques associated with actual nuclear 
tests, there has been considerable discussion of other techniques that 
might be applicable to the problem of on-site inspection. In an 
appendix (No. 2, p. 302) attached to this statement, the principle of 
operation, the applicability, and the limitations of the techniques 
are considered more fully These are briefly summarized in table 1 
(p. 300) to show in which phase of the inspection procedure they would 
be used, the environment in which they can be used, and the approxi- 
mate precision of location of the seismic epicenter that might be 
expected from their use. 

In table 1 you will see the techniques listed in the first column. 
The second column indicates the phase of inspection in which they 
would most likely find their use. Some are used in all phases of 
inspection. ‘The third column indicates the environment in which 
they would be used—in the air, on the ground, under ground, on or 
under water, or in the drilling operation. The fourth column at- 
tempts to indicate very approximately the precision of location of the 
epicenter in feet that might be expected from the use of these tech- 
niques. You will see that if the techniques are applicable, most of 
them expect to indicate the epicenter to within hundreds of feet. 
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Future research programs: It is obvious that the state of the art of 
on-site inspection is not very far advanced. It could be materially 
improved by carrying out the following research programs. 

First, there is a critical need to establish the highest possible level 
of knowledge about each of the inspection techniques that have been 
considered thus far. By appropriate consultation with experts and 
a careful analysis of the records and the literature for each technique, 
a syllabus should be prepared that will fully describe the use and po- 
tential application of each of the techniques to on-site inspection. 

Second, those techniques that have already had their value demon- 
strated should be further evaluated and improved under test condi- 
tions that are as realistic as possible. 

Third, those techniques that appear to offer promise should be 
critically tested under the same realistic field conditions to establish 
their degree of applicability. 

Fourth, the research programs should be designed to test the effee- 
tiveness of all the techniques under a wide variable set of environmental 
conditions. One of the major environmental variations is that of 
continental versus marine (including inland water bodies) locations. 
Other major environmental variables are climate, topography, vege- 
tation, the type of rocks (lithology), and the kinds of surface features 
that cover the bedrock (sand dunes, glaciers, etc.). 

Until this time our experience has been almost solely limited to the 
Nevada test site, to the rock which we call tuff, to a cl'mate which is 
semiarid, and to the topography represented by a mesa under which 
the tests have taken place. So we have an extremely limited apprecia- 
tion of the environmental effects that might be faced. An effort 
should be made with planned experiments to compare the effective- 
ness of techniques against enough of these variables so that useful 
extrapolations can be made with a reasonable degree of confidence. 

In an appendix (No. 3, p. 305) attached to this statement there is a 
summary of some of the specific research efforts that are suggested for 
the improvement of inspection techniques and procedures. 

Representative Durnam. Could you carry out this research pro- 
gram as outlined by you without actual testing? 

Dr. Foosr. Some of the research, sir, could be carried out without 
actual testing, yes. Much of it could not. 

Representative DURHAM. What do you mean much of it could not? 
Fifty percent of it or 25 percent? 

Dr. Foosr. A rough order of magnitude would certainly indicate 
that we are talking about 60 to 80 percent of the research that would 
have to be geared to realistic testing. But a significant portion of 
research could be carried out without testing of any kind. 

Representative Ho.xirietp. Dr. Foose, you have made a very 
orderly and valuable statement. I am sure members may have some 
questions. Congressman Hosmer? 

Representative Hosmpr. Could you tell me what would happen to 
your core drilling if the suspected area were an area in which there 
had been dumping of radioactive waste—high level—in an under- 
ground cavity? 

Dr. Foosr. Do you mean if we drilled into that area? 

Representative Hosmer. Yes. I am trying to ascertain whether 
or not you could pull a little string by doing it in an area where you 
had deposited radioactive waste anyway. 
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Dr. Foose. You mean to spoof the radioactive analysis by use of 
waste instead of the radioactivity from the explosion? 

Representative Hosmer. That is right. 

Dr. Foosr. Although this question can be answered more com- 
petently by another, I think the nature of the radioactive fission 
products are such that one would be very easily able to tell that it 
was not from the explosion and that it was dumped waste. I am 
fairly certain that this is correct. 

Representative Hosmer. Then it would be advantageous to have 
that kind of radioactive waste in an area where you are going to 
attempt to screen a test so that if the inspection team came in, did 
drill and pull it up, they would just say this obviously is just radio- 
active waste, we will go home. 

Dr. Fooss. If they were very suspicious for other reasons, I don’t 
think they would do just what you said; they would suspect that 
this was an attempt to spoof. If the signal was strong that sent the 
inspection team into the area and if other events brought them onto 
the ground, and if they were suspicious for one reason or another, 
then, I think, the team would not be fooled by this one. 

Representative Hosmer. Thank you. 

Representative Barres. Doctor, you indicated containment depths 
of several hundred feet, one of which was the yield of 20 kilotons at a 
containment depth of 2,700 feet. A little while ago we got a figure 
that 20 kilotons was 1,080 feet. Is your adjustment an approximation 
or just used as an example or what, or does it have a direct relation 
to the suppression of the radioactivity above the surface? 

Dr. Foosr. I think this is geared directly to the testimony of 
Dr. Johnson, Mr. Bates. I believe he also lists 2,700 feet. 

Representative Barres. I thought I remembered that, 20 kilotons 
at 1,080 feet. One kiloton would require 400 feet of overburden, 
20 kilotons, 1,080. 

Dr. Foosr. Twenty kilotons is 2,700 feet. 

They are talking about complete containment of the radioactivity. 

Representative Bares. That is what I am talking about. 

Dr. Foosr. However, I am talking about complete containment that 
would prevent any surface expression or terrain alteration of any 
kind. In other words, one could contain the radioactivity, as was 
done from Rainier, but in that case there was surface expression that 
was unmistakable, and an inspection would have had no difficulty 
whatever recognizing it. 

Representative Barres. You are just talking about disturbances on 
the surface. 

Dr. Foosr. That is right. And this would require 2,700 feet. 

Representative Houirietp. Dr. Foose, in your introduction you 
state there is no report available as yet describing similar studies 
carried out during the Cowboy experiments. 

Dr. Foosr. Yes. This is soon ready but it is not ready yet. 

Representative HouirieLp. In your opinion, when the report on 
the Cowboy experiments comes out, would the results be applicable 
to the detection of nuclear explosions when the data was derived from 
chemical explosions? 

Dr. Foosr. The Cowboy experiment, Mr. Chairman, allowed us to 
evaluate, again in the context of no concealment, the human activity 
primarily. There were, of course, no terrain effects whatever. So the 
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evaluation at Cowboy was primarily in terms of visual observation 
and aerial reconnaissance techniques. 

Representative HouirreLtp. You describe three phases which would 
be required to pinpoint a clandestine nuclear shot. In your opinion, 
how long would it take from the initial detection through phases 1, 2, 
and 3 to the final identification of a clandestine shot? 

Dr. Foosr. That is a very difficult question to answer. Let me 
try to do it, however, seriatim. Phase 1, I think under ideal condi- 
tions would allow an inspection team to get on to the ground within a 
period of 1 day. They would move into one or more areas that had 
been selected—of perhaps 1 to 5 square miles—as being the areas 
needing ground inspection. 

Phase 2 is where it is extremely difficult to make an estimate 
because we don’t know what we are going to find. If there was not 
complete containment, for instance, and if there was evidence right at 
the surface and this were rather well defined, we would be ready to 
move to phase 3 and begin drilling the next day. I think I have 
indicated that within the period of about 1 day on the ground we 
would be in a position of knowing what next to do; that is, whether 
to start the use of such techniques as vertical displacement surveys, 
seismic noise monitoring, and perhaps the application of magnetic 
and electromagnetic techniques to pick up artifacts, such as drill 
casing—and other materials that might have been left around as the 
result of the test emplacement. 

To answer your question, when we come to phase 2, there is a wide 
range of time involved before one might be ready to go to phase 3, 
which is drilling. 

Representative Hotirretp. Then on drilling you testified that might 
take a year, it might take a few months, according to the depth and 
the type of soil and so forth. 

Dr. Foose. Yes. If we were within an epicentral area of 500 feet 
radius, for complete search for the 20 kiloton explosive, this would 
involve the drilling of 10 holes. We could drill those 10 holes in as 
little as 72 days. 

Representative Ho.irtetp. This would assume that you would have 
the drilling equipment available, the expert people to do the drilling, 
and have the foundations poured for your drillings and all that sort 
of thing, I suppose. 

Dr. Foose. If we got to the point where we were quite confident 
of having chosen the proper epicentral area of 500 feet radius, or per- 
haps less than that, my personal concept is that at this point we would 
bring in the drilling people for the first time with the mobile equip- 
ment and drills. 

Representative Horirtetp. I can foresee from a practical stand- 
point, knowing something about drilling oil wells, as does Mr. 
Hosmer—he and I both have oil fields in our district—that the prac- 
tical problem of bringing in skilled drilling crews and setting up your 
rigs and making all the preliminary moves that have to be made, would 
require an assumption of a terrifically competent and standing-ready 
organization in order to accomplish anything near what you say there. 

Representative Hosmer. There is the problem of getting people 
and things from one point to another in this area that we would run up 
against. 
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Dr. Foose. The whole concept of inspection groups moving into an 
area does involve a state of readiness, with specialized personnel 
capable of handling each of these techniques, and in each of the succes- 
sive phases. It certainly involves that concept. Ido, however, want 
to correct an impression which I believe both of you California rep- 
resentatives have regarding the drilling equipment. 

I think both of you are thinking of oil well drilling equipment, and 
this is not what would be used. One would use diamond drilling 
equipment, some of which is very portable in nature, some of which 
can be back-packed in, and has been many times. Portable drilling 
equipment that can be back-packed can drill to depths of 1,000 feet. 

Something less portable than this that could easily be lifted into 
position by a small helicopter is capable of drilling to 3,000 feet. 
Mobilization time for this, assuming a readiness state at some central 
point, could be within a couple of days. 

Representative Hotirretp. You make it sound very simple. I am 
acquainted with all kinds of well drilling, water drilling, water well 
drilling, cable tool drilling, rotary-type drilling, and I have had oil 
wells unfortunately drilled near my own property in California, but 
not on my property, both water wells and oil wells. I am not quite as 
optimistic about the time period as you are. 

Representative Hosmer. As a matter of fact, you would probably 
have to go to drilling. You have listed four alternative situations 
that might occur from air reconnaissance. The first two have to do 
with finding cultural and terrain evidence of a violation if the clan- 
destine test has been adequately carried on, you would almost auto- 
matically be in situations three and four. 

Dr. Foosr. That is right. 

Representative Hosmer. So the time element in the discovery here 
would actually be governed by the drilling time. 

Dr. Fooss. You are right, we would be faced, I think, in most 
cases, assuming competency of concealment of the test, with situations 
three or four, assuming it is not an earthquake. We would not 
necessarily be involved in phase three, drilling, immediately. In fact, 
we almost certainly would be spending quite a little bit of time in the 
first two phases defining the epicentral area. 

Representative Hosmer. So it is a year’s job at best, isn’t it? 

Dr. Foosr. Not necessarily, no. If we should be able to success- 
fully define the epicenteral areas to tens of feet, the first drill hole 
might pick up the evidence quite readily. 

For 20 kiloton shots, this would involve 2,700 feet of drilling. 
One hole could accomplish this—I mean one drill could accomplis 
this—on a three-shift basis in about a month. 

Representative Hosmer. Is there any method when there are no 
surface manifestations that would allow you to define your epicenter 
that closely? 

Dr. Foosr. Yes, possibly so. The techniques involving magnetic 
and electromagnetic surveys, and the technique of vertical displace- 
ment surveys, if applicable, may succeed in defining the epicentral 
area quite precisely, to something certainly within tens of feet. If we 
are dealing with a radius of a radioactive zone of 150 feet, then it is 
quite likely that one drill hole might suffice to penetrate this zone. 

it is not necessarily as grim a picture as requiring a year of time 
automatically, and the time can be shortened at any point in the 
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drilling operation by increasing the number of drills and the shifts of 
operation. 

Representative Bates. How many people would you need to take 
care of your entire quota, if you had a quota for a year? It sounds 
like a rather large force if you are going to get into 15 shifts to work 
that 72-day period. 

Dr. Foose. It would be quite large. 

Representative Bates. If this is 1 location, if you have 30, 
where are all these people coming from? How many do you need 
for a shift? 

Dr. Foose. For drilling, diamond drilling, you can drill adequately 
with three men on a shift. 

Representative Bates. Three men on a shift? 

Dr. Foosr. That is right. If you had three shifts this would be 
9 or 10 people. These would not be the only people involved in the 
team, but for the specific job of drilling this would be the number of 
people involved. 

Representative Bates. I was just wondering, on page 5 on that 20 
kiloton, where you have that 26-percent probability, with 10 holes, 
how do you get 94-percent probability? 

Dr. Foossr. This is based on a square grid pattern and by using that 
pattern in an epicentral area of 500 feet radius, we are just shy of 100 
percent of complete saturation of the area with 10 holes. It is 94 
percent. This is just a geometric operation of setting up the holes 
in a pattern and drilling down within this 500-feet radius area. Ten 
holes will result in 94 percent completness of search. 

Representative Batrrs. I know that is what it says, but I was try- 
ing to figure out how that works into the grid. 

Dr. Foosr. Just draw the circle and then space the 10 holes in a 
rectangular grid pattern. In doing this, 10 holes will give just all 
but 100-percent coverage. With a triangular grid pattern, it gives 
us 100 percent. 

Representative Barres. With half that number of holes, five, you 
get 26 percent? 

Dr. Foosr. That is correct. Because of the random placement of 
the holes. With only five holes, there is a 26-percent chance of drilling 
into the radius involving the radioactivity. But with 10 holes, the 
likelihood is up very sharply. 

Representative Hosmer. I meant to ask you before, Dr. Foose, 
these figures you give us have to do with the Nevada formation. If 
the explosion was in granite, the figures would be different, would 
they not? 

Dr. Foosr. The figures would be different in the different media, 
that is correct. 

Representative Hosmer. What media are you speaking of? 

Dr. Foosr. These figures are purposely geared to Dr. Johnson’s 
paper. Dr. Johnson’s paper is based upon the experience in Nevada 
tuff. There has been indicated already the possibility of the radius 
of the radioactive zone being somewhat less in more homogeneous 
and dense rock, such as granite, than it is in tuff. But as yet we have 
no experience about this. So we are basing our figures on the best 
evidence that is available, which is Nevada tuff. 

Representative Hosmer. But it is quite logical to assume that the 
more homogeneous the medium, the more restricted will be the effects. 
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Dr. Fooss. I would expect it to be somewhat more restricted. 
Representative Hosmer. And the larger number of holes you would 
have to drill in order to meet the requirements of chance. 


Dr. Foosr. If the radius were less, it would require more holes, 
that is correct. 


Representative Houirre:p. Thank you very much, sir. Your 
testimony will be a valuable addition to our compilation. 
(The full statement of Dr. Foose follows:) 


PROCEDURES AND TECHNIQUES OF ON-SrrE INSPECTION 
INTRODUCTION 


On-site inspection will be required as an integral part of any control system for 
nuclear testing as long as instrumental techniques for detection of a seismic event 
are unable to identify the cause of that event and as long as physical evidence 
must be collected to provide proof that a nuclear explosion had occurred. 

The capability of an inspection group to accurately identify a seismic event has 
been variously estimated by some to be zero and by others to be 100 percent. 
This unusual range of opinion reflects the limited knowledge we have of techniques 
that might be employed by an inspection group and, even more important, the 
complete lack of experience in applying these techniques to either a real or simu- 
lated clandestine nuclear test. Although it is not possible to state the degree of 
likelihood of accurate identification, generally there would always be some likeli- 
hood and, with increased experience in the application of inspection techniques, 
the likelihood might improve. 

The only occasion on which techniques potentially applicable to on-site inspec- 
tion have been tried in the field were during the Hardtack experiments, October 
1958, and during the Cowboy experiments recently concluded in Louisiana. The 
final report (WT-1739) describing investigations made at Hardtack, titled 
“Identification of Possible Underground Nuclear Explosions by Onsite Inspec- 
tion,’’ discusses the practical application of aerial observation and photorecon- 
naissance methods as well as ground and underground inspection techniques. 
The report attempts to evaluate the applicability and limitations of inspection 
methods, considers the role and operating methods of mobile inspection groups, 
tabulates clues that might be associated with the human activity peculiar to 
conducting underground nuclear explosions, and discusses the methods and 
equipment to be used in drilling to obtain a radiochemical sample. There is no 
report available as yet describing similar studies carried out during the Cowboy 
experiments, 

his discussion of procedures and techniques of on-site inspection is based upon 
the work carried out during both Hardtack and Cowboy and upon theoretical 
considerations and discussions during the past 2 years. 


INSPECTION GROUP PROCEDURE 


The objective of an inspection group would be to (1) determine in the field 
the cause of a seismic event, and (2) to obtain proof if the event was caused by a 
nuclear explosion. 

The initial task of the inspection group would be to reduce the size of the 
inspection area from the 100 to 500 square kilometers indicated by the teleseismic 
net to almost the exact epicenter so that proof of a nuclear event could be obtained 
by drilling for a radioactive sample. If the evidence points to a natural earth- 
shock as the cause of the detected seismic disturbance the precision of this epi- 
central determination need not have a high degree of accuracy. In fact, it may 
be impossible to determine the epicentral location of an earthquake closer than 
the teleseismic net did originally. In this case the primary objective of the 
inspection group will be achieved by positively identifying the event as an earth- 
quake without the necessity of pinpointing the exact epicenter. However, if 
the event cannot be established definitely as a natural seismic event and suspicious 
circumstances point to a possible clandestine nuclear explosion, more precise 
epicentral locations will be required. In approaching this task, the following 
three inspection phases would probably be used in the order indicated, although 
this might vary, depending upon individual situations: 

Phase 1. Aerial reconnaissance (observation and photography) would be used 
to select one or more areas probably as small as 1 to 5 square kilometers. In the 
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aerial phase on onsite inspection, most techniques are reconnaissance in nature; 
some are detailed. They include: visual, photographic, radiation, magnetic, 
electromagnetic, and infrared surveys. These surveys utilize all types and sizes 
of aircraft ranging from small helicopters to multiengine fixed wing craft. The 
observational or survey altitudes range from 50 to 6,000 meters above the terrain. 
Selection of type of aircraft and of survey elevation depends upon the environ- 
ment to be inspected and the survey method being employed. 

Phase 2. Detailed inspection by air, on the ground, underground, and on and 
under water would be made with the objective of selecting drilling sites within 
500 feet of the epicenter. The detailed techniques of inspection include both 
direct visual examination and sophisticated and complex geophysical techniques, 
such as seismic profiling. 

Phase 3. Drilling with the objective of penetrating the explosion site and col- 
lecting a radiochemical sample. The drilling phase is mechanical in nature and 
includes very well developed techniques. 

In carrying out phase 1, air reconnaissance, four alternative findings may re- 
sult and in each of these cases alternative decisions are possible: 

1. Terrain and cultural evidence definitely indicate the seismic event was an 
earthquake. The decision alternative is to (1) terminate inspection without any 
ground examination, or to (2) carry out routine and corroborative ground ex- 
amination. 

2. Terrain and cultural evidence definitely indicate seismic event was an under- 
ground explosion. The decision alternative is to (1) terminate the inspection in 
the rare event that radiochemical proof might be obtained from air, due to vent- 
ing, or to (2) carry out inspection on the ground of a well-defined target area. 

3. There is no terrain or cultural evidence that would strongly indicate seismic 
cause, but there is evidence of human activity within the area that might be as- 
sociated with an explosive experiment. The decision alternative is to (1) termi- 
nate inspection, or to (2) carry out ground examination in one or several areas of 
1 to 5 square miles. 

4. There is no terrain or cultural evidence that would indicate seismic cause 
and no evidence of human activity. The decision alternative is to (1) terminate 
inspection, or to (2) carry out inspection on the surface by either (a) one or two 
traverses across target area, or by (b) one or more spot checks within the target 
area. 

In carrying out phase 2, on the ground, visual inspection would be made in 
areas of probably 1 to 5 square miles. The alternatives and possible decisions 
that exist after inspection of several hours to 1 day duration are that: 

1. The evidence indicates seismic event was an earthquake, in which case the 
inspection could be terminated. 

2. The evidence strongly suggests the seismic event was an underground ex- 
plosion, in which case appropriate detailed inspection techniques would be used 
to define the epicentral area. The techniques used first in most cases would be 
low-level aerial observation and large-scale photography from the air and aerial 
infrared surveying; on the ground they would probably be seismic noise monitor- 
ing and vertical motion surveying. 

3. The evidence is inconclusive or suggests ‘‘no event,’”’ in which case the in- 
spection would be (1) terminated or (2) some or all of above detailed inspection 
techniques would be used as a further check. 

The detailed inspection techniques in phase 2 would be used in areas of prob- 
ably one-half to 1 square mile with the objective of defining the epicentral area to 
less than a radius of 500 feet. 

In phase 3, drilling would be carried out with the objective of collecting a 
radiochemical sample that would constitute proof of a nuclear test. Assuming 
that the epicentral area had been defined in the prior phase of inspection to an 
area 500 feet in radius, the following table indicates the number of drill holes 
in a triangular grid pattern that would be required to insure 100 percent com- 
pleteness of search for a radioactive zone of specified radius at a depth that would 
insure no surface disturbance. 


Contain- Approxi- 
Yield ment depth | mate radius 
(feet) of radicactive 
zone (feet) 


1.7 kilotons 
20 kiletons 150 
100 kilotons 





NUCLEAR WEAPONS TEST BAN CONTROLS 299 


The estimated time in days and the cost to drill the required footage at the 
rate of 25 feet per shift is indicated below. 


Footage Estimated 1 shift Time (days), 15 shifts 
cost ! 3 shifts 
TEGO. cncarcnndesenecinababepduetmabpemeninedats $378, 000 $3, 024 1, 008 202 
Peas coauhatonkeusenentebenensienetaamameies 135, 000 1, 080 360 72 
WOU int teves ca dkdecackvabkecudeesaaedaagian 94, 000 752 251 50 


1 At $5 per foot and exclusive of all mobilization costs. 


Assuming that only a specified number of holes, n, were drilled in a square 
grid pattern within an epicentral area of 500 feet radius, the probability of dis- 
covery (in percent) of the radioactive zone is indicated below. 


Yield 5 holes 10 holes 
pe RT eR ae 8 OES ds se A ed RS LEE 0.03 0.12 
NG. g dsttadetddes cts chBinb ide ad i idnlidindt addaalhe . 26 94 
We EG indie ccccnninsinecqabburbtionssnnsh thessitieieddbéditbanntial 1.00 1.00 


Thus, five drill holes would provide a 26-percent chance of discovering a 20- 
kilotom-size zone in a 500-foot-radius epicentral area. 


INSPECTION TECHNIQUES 


The effectiveness of an inspection group would be dependent ultimately upon 
the capability of the individual techniques and of the group to use them with a 
high level of imagination. 

Techniques that might be useful fall into four main classes: (1) Visual and 
photographic, (2) surveying, (3) geophysical, and (4) geochemical. All but the 
first involve instrumental measurements. 

The only attempts to evaluate the applicability of these techniques to problems 
of onsite inspection in the field have been during the Hardtack II and Cowboy 
experimental tests. The techniques used include visual examination, photog- 
raphy, and radiation surveys, in the air, on the surface, and underground; and 
seismic noise monitoring and vertical displacement surveys on the surface. 
Limited observations were also made of the techniques of seismic profiling and 
water analysis. The geophysical techniques involving magnetic, electrical, elec- 
tromagnetic, and gravity phenomena were not studied at Hardtack or Cowboy. 
They have been used extensively in the field for other purposes, however, and 
have received serious consideration by experts regarding their possible application 
to inspection. 

Since all measurements and observations on these techniques at Hardtack and 
Cowboy were made with precise knowledge of the location of the explosive device 
and all of the important characteristics of the environment were studied both 
before and after the detonation, any evaluation of the techniques must be con- 
sidered in the context of no concealment. 


EXPERIENCE AT HARDTACK 


At Hardtack all of the underground shots had some surface expression. Blanca, 
Logan, and Neptune shots had unmistakable surface evidence in the form of 
fractures, rock displacement and vegetative disruption visible both by direct 
observation from high altitudes and on 1:20,000-scale aerial photographs. The 
earlier Rainier shot also was clearly identified by observation and aerial photog- 
raphy of altered terrain features even a year afterward. Tamalpais and Evans 
shots were not identified from the air. Aside from the direct evidence of altered 
terrain features, the evidence of human activity, particularly that of many con- 
centrating roads, served to define the Hardtack area very clearly. 

All of the Hardtack shots could have been planned and executed at a depth 
sufficient to insure containment and, hence, no physical alteration of the surface. 
Also, the specific human activity associated with a nuclear shot might be camou- 
flaged, but elimination of all evidence of human activity (and of general types of 
activity) would be extraordinarily difficult. Hence, aerial observation and 
photography would be highly important inspection techniques for more precisely 
defining areas for detailed examination. 


55625—60—pt. 1 20 
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Visual examination on the ground and underground of both terrain features and 
the features associated with human activity at Hardtack served to define the 
epicenter of all shots to within a radius of 100 feet with the possible exception of 
Tamalpais. In an appendix (No. 1) attached to this statement some of the clues 
that might be observed during examination of an area are listed. 

Following the Evans, Logan, and Blanca shots, attempts were made to listen 
to aftershocks with geophones with the objective of defining the disturbed region 
around the detonation point. Aftershocks were recorded, but the equipment was 
operated for such a limited period of time that the technique still remains to be 
evaluated for both explosive and earthquake seismic events. 

Vertical displacement, occasioned by subsidence of the surface following Blanca, 
was measured over a period of 90 days by the use of liquid-level gages. If a shot 
were not so deep that surface subsidence were precluded, this technique is capable 
of accurately measuring changes in surface elevation and of closely defining the 
epicenter. 

While this summarizes the results and the extent of actual field study of possible 
inspection techniques associated with actual nuclear tests, there has been consider- 
able discussion of other techniques that might be applicable to the problem of 
onsite inspection. In an appendix (No. 2) attached to this statement, the princi- 
ple of operation, the applicability, and the linitations of the techniques are con- 
sidered more fully. These are briefly summarized in table 1 to show in which 
phase of the inspection procedure they would be used, the environment in which 
they can be used, and the approximate precision of location of the seismic epicenter 
that might be expected from their use. 


TABLE I.—Summory of the applicability of on-site inspection techniques 


Approximate pre- 
Technique Phase of inspec- Environmental cision of location 
i 3 of epicenter 
(in feet) 


Observation 

Photographic analysis 

Radiation surveys 

Mensuration 

Seismic noise monitoring 

Seismic profiling 

Electrical surveys (electromagnetic) - --...-- 
ID BE WE Baad sasncéccccckiusécececcocs 
Infrared surveys 

Acoustic surveys 

Neutron logging 

Geothermal logging 

Acoustical logging 

Thermal gradient 

Geochemical analysis: 


1R, reconnaissance (mostly air), phere. 1; I, intermediate, phase 2; D, drilling, phase 3. 
2 A, air; G, ground; U, underground; W ,’ water; D, drilling. 


FUTURE RESEARCH PROGRAMS 


It is obvious that the state of the art of on-site inspection is not very far 
advanced. It could be materially improved by carrying out the following research 
programs. 

First, there is a critical need to establish the highest possible level of knowledge 
about each of the inspection techniques that have been considered thus far. By 
appropriate consultation with experts and a careful analysis of the records and 
the literature for each technique, a syllabus should be prepared that will fully 
describe the use and potential application of each of the techniques to on-site 
inspection. 

econd, those techniques that have already had their value demonstrated should 
be eee evaluated and improved under test conditions that are as realistic as 
possible. 

Third, those techniques that appear to offer promise should be critically tested 
under the same realistic field conditions to establish their degree of applicability. 
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Fourth, the research programs should be designed to test the effectiveness of 
all the techniques under a wide variable set of environmental conditions. One 
of the maior environmental variations is that of continental versus marine (in- 
cluding inland water bodies) locations. Other major environmental variables are 
climate, topography, vegetation, the type of rocks (lithology), and the kinds of 
surface features that cover the bedrock (sand dunes, glaciers, etc.). An effort 
should be made with planned experiments to compare the effectiveness of tech- 
niques against enough of these variables so that useful extrapolations can be made 
with a reasonable degree of confidence. 

In an appendix (No. 3) attached to this statement there is a summary of some 
of the specific research efforts that are suggested for the improvement of inspec- 
tion techniques and procedures. 


APPENDIX No. 1. CHECKLIST OF CLUES 


I, AERIAL OBSERVATION AND PHOTO INTERPRETATION 






A. Site preparation 


1. Vehicle.—Heavily traveled roads ending in remote areas, camouflaged roads, 
dust on vegetation, parking lots, and cleared areas. 

2. Mining or drilling activity—Dumps, headframes, shafts, portals, well sites, 
drill holes, other excavations, graded terrain, general terrain alterations, and new 
activity in an abandoned mine area. 

3. Instrumentation.—Bunkers, diagnostic buildings, observation sites, com- 
munication lines, powerlines, evidence of removed buildings or equipment, survey 
lines, and triangulation stations. 

4. Habitation—Camps (trailers or tents), camouflaged areas which had been 
campsites, guardhouses, fences or evidence of removed fences, security gates, 
trash and garbage dumps or evidence of burial of waste debris, and disrupted 
vegetation. 


B. Blast effects 


1. Terrain alterations.—Craters, slides, large faults and fractures, disrupted 
vegetation, change in reflectance of vegetation on camouflage detection film, dust 
clouds, radioactivity, melted snow, and disrupted streamflow. 




























Il. GROUND INSPECTION 


A, Site preparation 


1. Vehicle-—Oil drops, tire tracks (particularly heavy or abnormal vehicles), 
parts, fuel dumps, fuel spillage, small roads, special parking areas, dust on leaves, 
vehicle parts, and killed vegetation. 

2. Mining activity.—Portal (tunnel or shaft), dumps (look for valuable minerals) 
drill holes (watch for large drill holes), drill cuttings, scrapes on rocks from equip- 
ment, evidence of buildings, cable marks, hard hats, picks, drills, crowbars, and 
unusual neatness of old mining area. 

3. Instrumentation.—Polyethylene insulation, shield braid, jacket from coaxial 
cable, polyvinyl tape, small diameter solder, small soldering irons, metallic shell 
connectors, desiccant containers, plastic film envelopes or wrapping, portable 
electric power sources (storage batteries, primary cells, engine-driven generators, 
transducers and mountings for them), shock mounts, magnetic tape, photographic 
paper, film, film containers, film spools, fragmentary test calculations on walls, 
abandoned electrical scrap of any kind or containers, vacuum tubes, transistors, 
wire, cable, instrument holes in strategic locations, screwdrivers, solder tips, 
sandbags, lead bricks, and concrete. 

4. Habitation.—Excessive habitation or better than that of normal mining 
area, trailer camp or tent camp, garbage and trash dumps, cigars, cigarettes, pipes, 
matches, tobacco cans, bottles, sanitation refuse, abandoned clothing, shoes, boots, 
security fencing, special recreational facilities, fencing, paper products, office 
equipment, drafting equipment, letterheads, and technical magazines. 


B. Blast effects 


1. Terrain atterations.—Fractures in ground, rocks, bedrock, disturbed humus, 
flipped boulders, pebbles in bushes, depressions over collapsed explosion cavities, 
spalling of rocks, faults, small rockslides and rockfalls, boulders rolled down 
the hill, road and fence displacement, stream disruption, vegetative disruption 
(fallen dead trees), mudflows, and snow avalanches. 
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Ill. UNDERGROUND EXAMINATION 
A. Site Preparation 

A. Site preparation 

1. In special test mine.—(Instrumentation clues listed earlier are as applicable 
underground as on the surface.) Cable supports and/or evidence of removal, 
bulkheads, blast door, extra bracing and unusually strong timbers, numerous 
survey markers and marks, unusual mining plan, no evidence of commercial 
products, no mined stopes, electronic waste, sandbags, and unusual number of 
lights or light outlets. 


2. In ore-producing mine.—Look for new work in an abandoned part of the mine, 
or new workings out of the ore zone. Anomalous activity in mine. 


B. Blast effects 


Fractures, faults (orientation, opening, and displacement of old fractures), 
spalling, shape of drift, broken sets, closed tunnels, alinement and grade of tunnel 
destroyed, altered tunnel shape, broken and twisted air or water lines, rails, cables, 
offsets, and cut and fill of tunnel floor to establish grade. 


AppeNpbIx No. 2. DiscussIon ON INSPECTION TECHNIQUES 
AERIAL TECHNIQUES 


The first technique to be used by an inspection group in most cases would be 
aerial observation (in conjunction with aerial photography) at elevations from 500 
to 5,000 meters. In the case of major earthquakes or poorly concealed nuclear 
explosions, the ability to positively identify a seismic event by aerial observation is 
probably excellent. However, it is unlikely that simple aerial observation will 
suffice to identify most seismic events detected by the teleseismic net. An earth- 
quake that will produce a seismic signal of the magnitude expected from a nuclear 
experiment is not likely to cause any significant surface disruption and it is as- 
sumed that most nuclear explosions would be contained. In addition, the need 
for favorable weather and light conditions as well as the limited human ability 
to recognize and record the many details observed in a short period of time are 
serious limitations on the use of aerial observation as an inspection method. 
Despite these disadvantages and limitations aerial observation would always re- 
main an important technique in onsite inspections because of the obvious ease 
with which it can be employed. It is widely applicable and requires no special 
equipment or devices beyond a suitable aircraft. 

Aerial photography has some of the same limitations and disadvantages of aerial 
observation in onsite inspection systems. It possesses, however, the unique 
ability to record information with high density and affords the observer a precise 
record that can be studied for details missed by the human observer. Aerial 
photography can extend the field of human vision by selecting and intensifying 
certain diagnostic reflectance features of the area to be investigated. For example, 
infrared sensitive emulsions can detect changes in vegetation not discernible by 
the human eye. It is anticipated that aerial photography would be used in all 
onsite inspections for study and interpretation of human activity, and of geological 
and terrain features. Aerial photographs at various scales and different film- 
filter combinations used in Operation Hardtack II and in various earthquake 
investigations in the world reveal that aerial photography can identify and 
differentiate between unconcealed nuclear experiments and major earthquakes. 

Aerial radiation surveys which are based on measuring the gamma radiation 
from surface sources can be useful for onsite inspection only if the nuclear detona- 
tion vents to the atmosphere. While this is not likely in a nuclear experiment in 
which the design calls for complete containment, the possibility may exist. It is 
obvious, of course, that aerial radiation will have no value in identifying a seismic 
event as an earthquake. Despite the limitations inherent in aerial radiation 
surveys, the effort required to conduct the work is nominal. For this reason, it is 
expected that survey aircraft used for onsite inspection would be equipped with 
radiation-measuring instruments. 

The measurement of the geomagnetic field from the air by either fixed-wing or 
helicopter aircraft would be useful for the detection of ferromagnetic objects 
connected with human activity at detonation sites. Like most aerial surveys 
employing geophysical techniques, aeromagnetics is ineffective in identifying or 
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discriminating between natural earth shocks and nuclear detonations. It is not 
expected, for example, that a natural earth shock would produce measurable 
magnetic field variations. 

Aerial electromagnetic surveys have the same limitations of use for onsite 
inspection as aeromagnetic surveys. The basic difference is the ability of aerial 
electromagnetic techniques to detect nonmagnetic conductors. It is expected 
that aerial electromagnetic surveys and aeromagnetic surveys would be made 
simultaneously. Inasmuch as the capability of detection is only a few hundred 
feet and is always a function of the greatest dimension of the conductor, these 
surveys will almost certainly need to be conducted from he licopters. 

Infrared detectors can be used to measure temperature variations on the earth’s 
surface, such as those caused by surface soil disturbance or by heat sources 
associated with human activities at the site. This method differs from infrared 
photographic surveys since it depends upon the measurement of heat sources and 
not on reflectance properties of the ground surface or vegetation. This method 
may detect heat from small sources despite their concealment. However, heat 
generated by a nuclear detonation at containment depth is not likely to be de- 
teetable. This survey technique has an unknown potential in onsite inspection. 


SURFACE TECHNIQUES 


If aerial observation, aerial photography, and the instrumental aerial surveys 
fail to identify the cause of the seismic event, it would be necessary then to carry 
out visual and instrumental examinations on the surface. Surface inspection (on 
foot, horse, or appropriate vehicle) of all features associated with human activity 
and with the geology and terrain is the first step in the detailed phase of the 
inspection system. Deep soils, heavy vegetation, rugged topography, snow, and 
ice would limit the examination. Terrain alterations can be prevented also by 
deep burial of the experiment. Despite these limitations, visual examination will 
provide effective means of distinguishing a natural earth shock from a nuclear 
event. It is expected that most earthquakes, except those of very small magni- 
tude, will produce some evidence of its occurrence to the trained observer. Visual 
observations of human activity and the features caused by that activity may be 
very helpful. Note the attached appendix of clues. However, visual observa- 
tions cannot, except under the most favorable circumstances, be expected to 
confirm or determine the exact site of a nuclear explosion. For greater precision, 
other more sophisticated and complex ground survey techniques must be 
employed. 

The vertical motion of the earth’s surface after nuclear explosions, and in some 
cases after natural earth shocks, affords a potential method of identifying seismic 
events. Such measurements are relatively easy to accomplish by liquid level, 
electronic measuring, or optical methods. For example, on Operation Hardtack il 
appreciable and detectable changes in vertical motion were recorded. It is a 
valuable technique for limited areas but rough topography will restrict its 
application. 

The measurement of horizontal displacement of preexisting fixed points with 
high order of accuracy is used in major earthquake investigations. It would have 
a limited use as an intermediate inspection technique for the identification of 
seismic events if the necessary control points existed in the area under inspection. 
In general, it is expected that measurements of horizontal motion will only 
detect or confirm the occurrence of a major earthquake in the area of interest. 
For this reason it cannot be considered as useful :s vertical motion surveys. 

Ground radiation surveys, like aerial radiation surveys, will only be rewarding 
as an inspection technique if the detonation vents to the atmosphere. It would 
not be effective for earthquake identification. 

Both ground magnetic and electrical surveys have limited usefulness in the 
detection of artifacts associated with nuclear detonations. These methods can 
be used either to locate more precisely ferromagnetic or conducting meterials 
previously located by aerial surveys or as a means in themselves to comb a sus- 
pected area for evidence of human activity. The depths of penetration are usually 
better when used on the ground than in the air for the same techniques. 

The use of seismic refraction and reflection techniques, used extensively in 
petroleum expioration to locate anomalous subsurface features, might be used 
successfully to detect ecxvities produced by nuclear explosions. Although the 
technique may be hindered by unfavorable geologic conditions, it appears to have 
potential as an onsite inspection technique and warrants further evaluation. 
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The detection of seismic signals emanating from disturbed subsurface conditions 
caused by a seismic event is a method of potential value in onsite inspection. 
In the Blanca event at Hardtack II the recorded aftershocks were similar to 
those produced by earthquakes. Although this method requires a fair amount of 
equipment and of time for observations, its value as an onsite inspection method 
is considered to have some promise. The presence of natural microseisms may 
mask those seisms produced by nuclear detonations and «a conducted research 
program on aftershocks from artificial and natural seismic events is necessary to 
determine the magnitude and extent of seismic noise from all sources. 

The measurement of trace elements in soil may be used to detect the presence 
of masses having different chemical composition from the enclosed media. It is 
commonly used in exploration for metallic ore bodies to detect small amounts 
of metal diffused through the country rock from the concealed ore body. The 
application of this technique to inspection would only be useful if venting took 
place. However, even then the results would be in doubt since the diffusion of 
radioactive gases from deeply emplaced nuclear detonations under nonventing 
conditions is slow. 

The analysis of plant life at Hardtack II on Rainier Mesa did not disclose any 
biological absorption of radioactive fission products. Since plant absorption is 
slow and depends upon the porosity and permeability of the subsurface to ground 
water, the technique does not appear to afford any promise as an inspection 
method except in unusual circumstances. Similarly, geochemical analyses of 
ground water cannot be considered to have a high potential value for use in an 
inspection system, except where there may be conditions of rapid movement of 
water. 


DRILLING 


The third and final phase of onsite inspection—drilling—inecludes many standard 
and well known methods used in mineral exploration and petroleum production. 
They involve petrological and mineralogical analyses of drill cores and cuttings, 
radiation and neutron logs, many electricel logging techniques, geothermal 
surveys, sonic logs, and photographic logs. But since the objective of the drilling 
phase is to collect a sample of radioactive fission products as positive evidence 
of nuclear detonations all these techniques serve only to expedite and control the 
drilling process. The objective can be achieved only by successful completion 
of the first two phases of inspection. Unless these two phases result in selecting 
a reasonably small target area, preferably less than 500 feet radius, little success 
can be expected from the drilling phase. 

Drilling will be the most expensive and logistically difficult of the three phases 
Indiscriminate drilling with the hope of intersecting a target appears to be out of 
the question because of the time and expense involved. It has been estimated 
that to insure the discovery of a cavity or shattered zone produced by a 20-kiloton 
explosion within a circular area of about 3 square miles, more than 250 holes 
would have to be drilled. If all 250 holes were drilled to scaled depth, it would 
involve about 275,000 feet of drilling. The estimated cost would be $1,500,000 
under the best conditions and would take 2 years to complete. 


UNDERGROUND AND MARINE 


Techniques that might be used for inspection purposes underground and in the 
marine environment differ only in detail from techniques used in land-surface 
inspection. Underground, a controlling if factor is the limited physical access 
to a smaller area of operation. In the marine environment, the water surface, 
on which operations take place, is featureless. 

In the underground environment human activities would be more closely 
confined and geologic features easier to recognize because of better exposures. 
The confined nature of activities limits the area to be examined but would also 
permit easier concealment of clandestine operations. In an operating mine, for 
example, nuclear experiment activities may be difficult to distinguish from normal 
and legitimate mining operations. 

In marine areas the fluid nature of the environment would almost immediately 
erase surface manifestations of a seismic disturbance whether it were an earth- 
quake or nuclear detonation. However, visual and photographic analysis of the 
water mass might be helpful to detect the presence of suspended sediments. 
Although disruptions of the bottom caused by a seismic event would tend to be 
smoothed out and destroyed, the use of underwater TV and sonic techniques, such 
as sonoprobe, might detect such disturbances. The easiest items to detect would 
be the artifacts. Items such as drill casing and undersea cable necessary to 
conducting a test may be detectable with magnetic and electrical surveys. Evalu- 
ation of these techniques in the marine environment is dependent on actual use. 
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APPENDIX No. 3. SUMMARY OF SUGGESTED RESEARCH ON ONSITE INSPECTION 
TECHNIQUES 


1. Current assessment of the state-of-the-art and direct application in future 
tests under various environmental conditions for the improvement of infrared, 
magnetic, electrical, electromagnetic, radiation, seismic, and vertical displacement 
surveys, and of geochemical analyses of radioactive trace elements in water. 

2. Studies of the aftershocks of explosions and earthquakes and establishment 
of their relationship to each other and to different worldwide seismic environ- 
ments. 

3. Development of aerial techniques involving nonphotographic sensors for 
the detection of human activity. 

4. Botanical studies to relate vegetation damage to shocks from explosive and 
earthquake sources and development of the means by which such damage may be 
detected at an early stage. 

5. Development of new film and photographie techniques for measurement 
and evaluation of explosive and earthquake effects and definition of environmental 
conditions pertinent to the limitation of photographie capabilities. 

6. Marine biological studies to establish sensitivity of life forms to explosive 
and earthquake shocks. 


Representative HouirreLp. Our next witness will be Dr. Roland 
Beers, consultant to the petroleum industry in seismic techniques. 
I would like to add that he has had a long and distinguished career 
as a consultant to the oil industry, and has recently been active in 
prospecting by scientific means for metal deposits. 

I might also say that I have it from a normally reliable source that 
Dr. Beers is in actuality the old prospector of whom we heard the 
legend in the panel discussion this morning. 

The committee wishes to express its appreciation to you for your 
appearance today. It is always a privilege to call on representatives 
from industry, who, from experience in the field, are able to contribute 
to our consideration of the technical problems in these hearings. 

Please proceed. 


STATEMENT OF DR. ROLAND BEERS,* CONSULTANT, SEISMIC 
TECHNIQUES 


Dr. Beers. Thank you, Mr. Chairman and members of the com- 
inittee. May I thank you for the opportunity to present these views. 
Representative Hotirietp. I might say before you start that it 
might be necessary for us to adjourn in case of a rolleall. The mutual 


security bill is on the floor this afternoon, and we might have to 
answer the bells. 


Dr. Beerrs. I will try to be as brief as possible. 

Detection of cavities and fractured zones resulting from under- 
ground nuclear explosions by seismic profiling: Exploration for pe- 
troleum and minerals has much in common today with detecting the 


*Geophysics, Owego, N.Y., June 6, 99; m. 21; c. 2E.E., Rensselaer Polytech, 21; M.S., Mass. Inst. Tech, 
28, Ph. D. (geol), 43; Harvard, 40-41. Instr. physics and elec. eng. Rensselaer Polytech, 21-22; develop. 
engineer, West. Elec. Co, N.Y., 22-23; develop engineer, Raytheon Mfg. Co, Mass, 25-26; physicist, Submar- 
rine Sig. Corps, Boston, 27-28; party chief, Geophys. Research Corp, Houston, 28-31; Geophys. Service, 
Inc, Dallas, 31-34, v. pres. 34-36; pres. and director Geotech. Corp, Texas, 3-52, chairman board directors, 
37-52; Lecturer, Rensselaer Polytech, 47-48; Prof. Geophys, 48-; Consultant and contractor, U.S. Govt, 47- 
Research assoc, Mass. Inst. Tech. 43-46; pres. and director, Geotech. Corp. Ltd, Montreal, Can. 44-52; 
consulting geophysicist, U.S. Geol. Surv. Wash., D.C. 43-46; chairman board Geotech. Corp. of Del, Dallas, 
46; partner, Beers and Heroy, Dallas, 46-; expert consultant, Joint Research & Develop. Board, Wash. D.C., 
46. With Atomic Energy Com; USN, 44, USA, 17-19, AA; Soc. Explor. Geophys; Asn. Petrol. Geol; 
Accoustical Soe; Inst. Min. & Metal. Eng; Inst. Radio Eng; Seismol. Soc.; fel. Geol. Soc; fel. Geog. Soc; 
Ceramic Soc; Soc. Econ. Geol; Soc. Explor. Geophys; Geophys Union; Photog. Socl; Fel. Am. Acad; Fel. 
N.Y. Acad Radioactivity in rocks and sediments; seismic investigations of earth’s crust; sedimentary rocks; 
exploration for petroleum; geological aspects of electromagnetic wave propagation on the ground; determin- 
ing physical properties of rock strata. 
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site of underground nuclear explosions. In a general way, we know 
where to begin our search, for the area has been narrowed down to a 
few tens of square miles by previous work. The task before us is to 
pinpoint the site with sufficient precision to justifying drilling one 
or more holes. 

Dr. Foose has reviewed other geophysical methods used in explora- 
tion for oil and minerals. Some of these are performed in the air, 
resulting in a rapid outline of one or more prospective targets. These 
were selected from an area of a few hundred square miles. The pre- 
cision of measurements is not sufficient to commence drilling opera- 
tions, and some intermediate step is required to reduce the amount of 
drilling. 

The electrical and magnetic methods used in the aircraft may also 
be employed on the ground. Their precision is greater on the ground 
provided there are specific objects which can be detected by these 
methods. But if the designer and operator of the clandestine explo- 
sion have been thorough and careful, they have removed all such 
evidence, and we are left with only traces of his activities and the 
hole in the ground. It is my purpose to describe for you one method 
which seems worthy of further investigation, to locate this hole— 
or the fractured ground around it. 

This method uses the exploration seismograph, similar in principle 
to the earthquake seismograph. The major difference is that these 
instruments are adapted to record the seismic waves generated by a 
small explosion of dynamite in a shallow, tamped drill hole. As a 
result of the explosion, seismic waves radiate in all directions into the 
earth, where they are reflected and refracted. Some of them return 
to the surface. By observing close details of the returning waves, 
valuable information may be gained on the structure, attitude, and 
condition of rocks beneath. 

This simple principle has been used for more than 30 years with 
considerable success. It is now considered an indispensable tool of 
the exploration industry. In recent years its use has been extended 
in the search for minerals, water resources, and to engineering problems 
such as highway and foundation design and construction. It has 
proved to be very practical. Success in its use depends upon the 
employment of experienced personnel in both application and inter- 
pretation. Its full scope and limitation in detecting explosion sites 
can readily be determined by trial on a few specific assignments. 

I should now like to show you an example of the manner in which 
this method may be used for detection purposes. This use of the 
method is new. It has resulted from the examination of a very large 
number of seismic records during the past 6 months with this specifie 
application in mind. While this particular application is new, many 
competent seismologists have employed the principles used, and they 
will recognize the use of old and familiar techniques to solve a new 
problem. 

Figure 1 shows schematically the arrangement of seismograph in- 
struments employed in petroleum exploration. This is a cross section 
of the earth, showing the line of seismometers spread out in a hori- 
zontal line along the surface. In the center of the line and at each 
end you will note a shothole. A charge of dynamite is lowered into 
the central hole. An electric blasting cap will detonate the charge. 
Wires leading up the hole connect with the recording device and, at 
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a signal from the observer, the charge is fired. The hole is well 
tamped with mud and water, so that the charge does not blow out 
from the hole. The well-tamped charge produces the clearest waves, 
and every effort is made to insure complete tamping. 

Just before the shot is fired, the observer starts a recorder in opt-'a- 
tion. On the record the waves traveling along the surface of the 
ground will be seen, and, at a later time, waves which are returned 
from the depths of the earth. In prospecting for oil, waves may be 
reflected from limestone and sandstone, which are overlain with shale. 
The time of arrival of each of these reflections is measured with a 
precision of one-thousandth of a second, representing a precision in 
depth of 5 to 7 feet. Measurements can be made to depths of 10,000 
feet and more. Whatever the depth, the performance is adequate 
for the purpose, that is, to locate a drill hole in search of oil or gas 
as indicated by the seismograph survey. 

In practice, the line of instruments seen in the figure is moved 
along the profile a quarter of a mile at a time. At each new location 
a shot is fired from the central shothole. Thus continuous coverage 
of the subsurface is achieved, at as close intervals as may be desired. 
In general practice the subsurface interval is 50 feet. It can be made 
larger or smaller, as required. 

When the reflecting horizons are regular, smooth, and continuous 
in their extent along the profile, the reflection waves will present a 
regular appearance like that shown in the next slide. 

Mr. Chairman, I have a copy of a record here, and I could pass it 
around, if you wish. 

Representative Horirie.p. Yes, sir; thank you. 

Dr. Beers. On this first record (fig. 2) we have a normal undis- 
turbed record of reflections coming at various points of the record. 
At the beginning the surface waves are traveling along and arriving 
here and reflections begin to arrive in sequence, and you can see how 
orderly they are, and what a regular pattern they make. It is this 
regular pattern which is the essence of the detection. As I can show 
you in a moment, variations from the pattern are caused by disturb- 
ances of rock beneath. Some of the disturbances are caused by faults 
in the rocks. In other words, a rock may be displaced. I will show 
you an example of that. 

Representative Hosmer. That is from the same explosion but the 
reflections are arriving at a later time, because they travel a further 
distance. 

Dr. Brerrs. Yes. These records were taken in Pennsylvania where 
the oil and gas has been produced from these rocks at various depths. 
This is a routine procedure used for mapping the attitude and depth 
of the rock over a large area covered by the profiles. 

On this record you will see 24 traces, each trace representing the 
records taken at a single seismometer station. Along the profile the 
stations are 100 feet apart, giving the 50-foot interval subsurface 
shown in the previous diagram. 
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When the rocks at depth are fractured, or faulted, so that there is 
a discontinuity along the profile, the reflected waves are irregular in 
the fractured zone, as shown in figure 3. 

This again is a record of reflections of rock taken at approximately 
the same locality. This reflection is one without interruption, this is 
another reflection without interruption, and here we notice a distinct 
break. The characteristic between this and the location of the 
cavity that this discontinuity appears on only one horizon (fig. 4). 
Here we see reflections arriving from the upthrown side of the fault 
and there you see the downthrown fault, from which the reflections 
arrive at a later time. The mapping of faults in this manner is one 
of the important functions of the seismograph in petroleum explora- 
tion. Once the structure has been mapped in this way along a profile, 
other profiles are laid out in parallel and other directions, so as to 
cover the exploration target as completely as possible. 

When all the records have been taken, the seismologist and geologist 
begin their task of interpretation. First, there must be a thorough 
knowledge of the nature of the rocks, their folding and faulting on 
the prospect. Without this detailed geologic knowledge, the re- 
cordings may be incorrectly interpreted. In locating the site of an 
underground explosion, a first step would be to take a few preliminary 
records outside the actual target and, with knowledge of the geology 
of the prospect, the records are interpreted in terms of the normal 
behavior in the locality, that is outside the zone, disturbed by the 
explosion. 

You have noted the regular appearance of the seismic records over 


a normal area. This uniform meee is the essence of our ability 


to accomplish cavity detection. As long as the reflected waves 
present this regular appearance, no detection has been accomplished. 
When the waves travel through a disturbed zone, the contrast in their 
appearance is striking. At once your attention is drawn to the jum- 
bled appearance of the traces. At that point the search settles down 
in earnest. 

I will show you a sample which was taken over a mined-out area in 
Pennsylvania. In some cases the cavities had been refilled, so we 
penetrated a zone which has many of the characteristics of an under- 
ground explosion. 

Representative Houirte.tp. This would parallel a cavity where-—— 

Dr. Brrrs. You could settle down at this point, having located this, 
and get closer detail by putting your instruments closer together. 
This cavity width is wchaalae 400 feet. 

Representative Hoxrrrevp. If you were in an area where a number 
of these natural, or let us say non-nuclear, conditions existed, this 
would further complicate your drilling. 

Dr. Bremrs. Yes, sir. What we have done in Pennsylvania is to 
map the underground galleries to find out where they are in order 
to avoid this kind of difficulty. The field procedure in carrying out a 
search of this kind would be to take the original area which has been 
assigned in which an epicenter is presumed to occur. I have taken 
a sample here which is approximately 10 square miles. By the other 
geophysical methods, by all the information available, we have nar- 
rowed the search down to an area of 10 square miles. 
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We are assuming a target which has a radius for this discussion of 500 
feet. Thisisa fairly large radius. I will use it simply for an example. 
The target area we are investigating is a little over 3 miles on a side, 
and we will cover this with profiles spaced 400 feet apart. This will 
require 500-shot points and profiles. 

On all those profiles not intersecting the fractured zone, the reflec- 
tions will show the regular appearance shown to you previously. 
Where the profiles intercept the disturbed zone, the waves show 
irregularities in times of arrival, phase relations among the various 
traces, erratic changes in wave amplitudes. In general, there is a 
condition of disorder in contrast with the normal appearance of uni- 
form regularity. The observation of this disturbed condition con- 
stitutes the act of detection. If it is desired to pinpoint the cavity 
zone more precisely, the seismometers can be placed more closely 
together for a few extra shots. Thus, the precision can be of the order 
of a few tens of feet. 

I have shown you a few sample records of the reflection type. 
This method is recommended for the initial trials over sedimentary 
formations, where the layered sequence of beds will produce several 
reflections. Over a salt dome, it is possible that the refraction method 
would be more effective. Usually it has been difficult to interpret the 
reflections around salt domes. As suggested earlier, some research 
should be done on both methods in order to devise the best techniques 
for cavity detection under several conditions. 

Some rough estimates have been made of the time and cost to con- 
duct surveys of this type. The best figures we have are those of 
current commercial work in the United States. The records on which 
this analysis is based were taken in the rugged terrain of western 
Pennsylvania. Much of the work was done in severe winter weather. 
Not all such work is as difficult as this. The example is being used, 
since the records were taken under these conditions and thus represent 
actual field experience. 

On this work the cost of each profile has averaged about $250. <A 
single field party composed of about 10 men, 2 drills, equipment, and 
5 trucks, has completed about 200 profiles per month. Over the 
water in the Gulf of Mexico, a party, with 2 vessels, has completed as 
many as 1,000 profiles per month. In the example chosen for cavit 
detection, 500 profiles would cost a maximum of $125,000 over nae | 
and require about 2.5 party-months. Over water, such a survey 
could be completed in less than 1 party-month, with an estimated 
total cost of about $60,000. (These estimates of cost and man-hours 
may be modified after trial of the method in the field. Some improve- 
ment in the performance is expected.) Should detection be accom- 
plished prior to the completion of the entire survey, the remainder 
could be abandoned. 

If detection is not accomplished upon completion of a grid survey, 
it would be necessary to explain the anomaly which first brought 
attention to the prospect. All previously assembled data would be 
reviewed, including the seismic profiling, and the search should not be 
abandoned until the anomaly has been satisfactorily accounted for. 
It is probable that more than one target area would have to be inves- 
tigated. The same procedure would apply to each target in turn until 
detection has been accomplished, and proved by the drill. 

Representative HoxirieLtp. Thank you, sir. 

Are there any questions of Dr. Beers? 
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Representative Hosmer. Can you use this method, Dr. Beers, 
where the surface itself is highly irregular? 

Dr. Beers. Mr. Hosmer, in Pennsylvania the mountains are the 
result of dissection of the uplifted plateau and under extreme condi- 
tions we do work up and down the valley slopes. There are places 
that are almost impossible to get to. I should say this is a matter of 
the incentive, of the dollars and cents you have to spend for the 
detection. 

Representative Hosmer. I believe in your statement you reviewed 
the fact that you have to get out away, or at least on the side of a 
suspected area and get yourself some geology. 

Dr. Brerrs. A little; yes. 

Representative Hosmer. Against which you can later compare 
your geology in the suspected area; is that right? 

Dr. Berrs. Yes, sir. If you will look at the diagram before you 
there (fig. 5), you will see that the area we plan to explore is so much 
greater than the target area, that this should not be a major problem. 

Representative Hosmer. I am wondering what degree of success 
do you have in really nailing down the subsurface. 


FIGURE 5 
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Dr. Brrers. In petroleum exploration, for example, at the present 
time, using this method, the reflections which are mapped, are within 
an error of plus or minus 30 feet, as regards depth. 


Representative Hosmer. The company does not guarantee any 
dry holes? 


Dr. Brers. The presence of petroleum is inferred from certain 
structural and other conditions. 


Representative Hosmer. Incidentally, at what depth does this 
produce meaningful indications? 


Dr. Berrs. The first record I presented shows reflections to greater 
than 20,000 feet. 


Representative Hosmer. That covers all the ranges we would be 
interested in. 


Dr. Brerrs. In most instances it covers the full range accessible by 
the drill, which is about 25,000 feet. 


Representative Hosmer. Thank you. 
Representative HotirreLp. Thank you very much, sir. 
(The full statement of Dr. Beers follows:) 


DETECTION OF CAVITIES AND FRACTURED ZONES RESULTING FROM UNDERGROUND 
NUCLEAR EXPLOSIONS BY SEISMIC PROFILING 


Exploration for petroleum and minerals has much in common today with 
detecting the site of underground nuclear explosions. In a general way, we know 
where to begin our search, for the area has been narrowed down to a few tens of 
square miles by previous work. The task before us is to pinpoint the site with 
sufficient precision to justify drilling one or more holes. 

Dr. Foose has reviewed other geophysical methods used in exploration for oil 
and minerals. Some of these are performed in the air, resulting in a rapid outline 
of one or more prospective targets. These were selected from an area of a few 
hundred square miles. The precision of measurements is not sufficient to com- 
mence drilling operations, and some intermediate step is required to reduce the 
amount of drilling. 

The electrical and magnetic methods used in the aircraft may also be employed 
on the ground. Their precision is greater on the ground, provided there are 
specific objects which can be detected by these methods. But if the designer 
and operator of the clandestine explosion have been thorough and careful, they 
have removed all such evidence, and we are left with only traces of his activities 
and the hole in the ground. It is my purpose to describe for you one method 
which seems worthy of further investigation, to locate this hole—or the fractured 
ground around it. 

This method uses the exploration seismograph, similar in principle to the earth- 
quake seismograph. The major difference is that these instruments are adapted 
to record the seismic waves generated by a small explosion in a shallow, tamped 
drill hole. As a result of the explosion, seismic waves radiate in all directions into 
the earth, where they are reflected and refracted. Some of them return to the 
surface. By observing close details of the returning waves, valuable information 
may be gained on the structure, attitude, and conditions of rocks beneath. 

This simple principle has been used for more than 30 years with considerable 
success. It is now considered an indispensable tool of the exploration industry. 
In recent years its use has been extended in the search for minerals, water resources, 
and to engineering problems such as highway and foundation design and construc- 
tion. It has proved to be very practical. Success in its use depends upon the 
employment of experienced personnel in both application and interpretation. Its 
full scope and limitation in detecting explosion sites can readily be determined by 
trial on a few specific assignments. 

I should now like to show you an example of the manner in which this method 
may be used for detection purposes. This use of the method is new. It has 
resulted from the examination of a very large number of seismic records during 
the past 6 months with this specific application in mind. While this particular 
application is new, many competent seismologists have employed the principles 
used, and they will recognize the use of old and familiar techniques to solve a 
new problem. 


55625—60—pt. 1——21 





316 NUCLEAR WEAPONS TEST BAN CONTROLS 


The first slide (fig. 1, p. 307) shows schematically the arrangement of seismograph 
instruments employed in petroleum exploration. This is a cross section of the 
earth, showing the line of seismometers spread out in a horizontal line along the 
surface. In the center of the line and at each end you will note a shot hole. A 
charge of dynamite is lowered into the central hole. An electric blasting cap will 
detonate the charge. Wires leading up the hole connect with the recording device, 
and, at a signal from the observer, the charge is fired. ‘The hole is well tamped 
with mud and water, so that the charge does not blow out from the hole. The 
well-tamped charge produces the clearest waves, and every effort is made to insure 
complete tamping. 

Just before the shot is fired, the observer starts a recorder in operation. On 
the record the waves traveling along the surface of the ground will be seen, and, 
at a later time, waves which are returned from the depths of the earth. In pros- 
pecting for oil, waves may be reflected from limestone and sandstone, which are 
overlain with shale. The time of arrival of each of these reflections is measured 
with a precision of one-thousandth of a second, representing a precision in depth 
of 5 to 7 feet. Measurements can be made to depths of 10,000 feet and more. 
Whatever the depth, the performance is adequate for the purpose, that is, to locate 
a drill hole in search of oil or gas as indicated by the seismograph survey. 

In practice, the line of instruments seen in the figure is moved along the profile 
a quarter of a mile at atime. At each new location a shot is fired from the central 
shot hole. Thus continuous coverage of the subsurface is achieved, at as close 
intervals as may be desired. In general practice the subsurface interval is 50 feet. 
It can be made larger or smaller, as required. 

When the reflecting horizons are regular, smooth and continuous in their 
extent along the profile, the reflection waves will present a regular appearance, 
like that shown in the next slide (fig. 2, p. 309). On this record you will see 24 
traces, each trace representing the records taken at a single seismometer station, 
Along the profile the stations are 100 feet apart giving the 50-foot interval sub- 
surface shown in the previous diagram. 

When the rocks at depth are fractured, or faulted, so that there is a discon- 
tinuity along the profile, the reflected waves are irregular in the fractured zone, 
as shown in the next slide (fig. 3, p. 311). Here we see reflections arriving from 
the upthrown side of the fault and there you see the downthrown fault, from 
which the reflections arrive at a later time. The mapping of faults in this manner 
is one of the important functions of the seismograph in petroleum exploration. 
Once the structure has been mapped in this way along a profile, other profiles are 
laid out in parallel and other directions, so as to cover the exploration target as 
completely as possible. 

When all the records have been taken, the seismologist and geologist begin 
their task of interpretation. First, there must be a thorough knowledge of the 
nature of the rocks, their folding and faulting on the prospect. Without this 
detailed knowledge, the recordings may be incorrectly interpreted. In locating 
the site of an underground explosion, a first step would be to take a few preliminary 
records outside the actual target, and, with knowledge of the geology of the 
prospect, the records are interpreted in terms of the normal behavior in the 
locality, that is, outside the zone disturbed by the explosion. 

You have noted the regular appearance of the seismic records over a normal 
area. This uniform regularity is the essence of our ability to accomplish cavity 
detection. As long as the reflected waves present their regular appearance, no 
detection has been accomplished. When the waves travel through a distrurbed 
zone, the contrast in their appearance is striking (fig. 4, p. 312). At once your 
attention is drawn to the jumbled appearance of the traces. At that point the 
search settles down in earnest. 

In order to illustrate the field procedure, let us look at fig. 5 (p. 314). Here you 
see a series of profiles laid out in parallel lines to cover the entire target area. 
If we assume the search has narrowed down to an area of 10 square miles, a little 
over 3 miles on a side, we will cover this area with about 500 shot points and 
profiles. On all those profiles not intersecting the fractured zone, the reflections 
will show the regular appearance shown to you previously. Where the profiles 
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intercept the disturbed zone, the waves show irregularities in times of arrival, 
yhase relations among the various traces, erratic changes in wave amplitudes. 
In general, there is a condition of disorder in contrast with the normal appearance 
of uniform regularity. The observation of this disturbed condition constitutes 
the act of detection. If it is desired to pinpoint the cavity zone more precisely, 
the seismometers can be placed more closely together for a few extra shots. Thus 
the precision can be of the order of a few tens of feet. 

I have shown you a few sample records of the reflection type. This method is 
recommended for the initial trials over sedimentary formations, where the layered 
sequence of beds will produce several reflections. Over a salt dome, it is possible 
that the refraction method would be more effective. Usually it has been difficult 
to interpret the reflections around salt domes. As suggested earlier, some 
research should be done on both methods in order to devise the best techniques 
for cavity detection under several conditions. 

Some rough estimates have been made of the time and cost to conduct surveys 
of this type. The best figures we have are those of current commercial work in 
the United States. The records on which this analysis is based were taken in the 
rugged terrain of Pennsylvania. Much of the work was done in severe winter 
weather. Not all such work is as difficult as this. The example is being used, 
since the records were taken under these conditions and thus represent actual field 
experience. 

On this work the cost of each profile has averaged about $250. A single field 
party composed of about 10 men, two drills, equipment and five trucks, has com- 
pleted about 200 profiles per month. Over the water in the Gulf of Mexico, a 
party, with two vessels, has completed as many as 1,000 profiles per month. 
In the example chosen for cavity detection, 500 profiles would cost a maximum of 
$125,000 over land, and require about 2.5 party-months. Over water, such a 
survey could be completed in less than 1 party-month, with an estimated total 
cost of about $60,000.!_ Should detection be accomplished prior to the completion 
of the entire survey, the remainder could be abandoned. 

If detection is not accomplished upon completion of a grid survey, it would be 
necessary to explain the anomaly which first brought attention to the prospect. 
All previously assembled data would be reviewed, including the seismic profiling, 
and the search should not be abandoned until the anomaly has been satis ‘actorily 
accounted for. It is probable that more than one target area would have to be 
investigated. The same procedure would apply to each target in turn until de- 
tection has been accomplished, and proved by the drill. 


Representative Houirrevp. Our next witness is Dr. Raymond Peter- 
son, vice president and director of research of the United Geo- 
physical Corp. of Pasadena, Calif. He is a geophysicist with many 
years of experience in the practical development of techniques. Dr. 
Peterson will be assisted in his testimony by Mr. Frank Coker, diree- 
tor of research of United Dynamics Corp., of Pasadena. These gentle- 
men will report the results of a study just completed on the theory and 
practical aspects of large arrays of seismographs proposed as part of 
the Geneva control system. 

To the best of our knowledge this is the first authoritative investiga- 
tion of this subject. The committee appreciates this opportunity to 
hear these results firsthand. 

Gentlemen, will you please come forward? 





! These estimates of cost and man-hours may be modified after trial of the method in the field. Some im- 
provement in the performance is expected. 
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STATEMENT OF DR. RAYMOND PETERSON,’ VICE PRESIDENT AND 
DIRECTOR OF RESEARCH OF THE UNITED GEOPHYSICAL CORP., 
OF PASADENA, CALIF., ACCOMPANIED BY MR. FRANK COKER,? 
DIRECTOR OF RESEARCH OF THE UNITED ELECTRODYNAMICS 
CORP., PASADENA, CALIF. 


Dr. Pererson. Mr. Chairman, may I introduce Mr. Coker for a 
preliminary statement. 

Mr. Coker. I would like to make this preliminary statement. 
Some of the comments we are about to hear represent early results of 
the research and development program which has been recommended 
and alluded to several times earlier today. 

The particular project was under the sponsorship of the Air Force 
Technical Applications Center, as part of Project VELA. 

Representative Hosmer. What is that? 

Mr. Coxer. It is a code name for this entire seismological research 
program which has been discussed earlier. 

With that, Dr. Peterson will proceed. 

Dr. Peterson. Mr. Chairman, members of the committee, as Mr. 
Coker has mentioned, we have just completed a study of about 60 
days duration under rather intense conditions as to the practical 
aspects and feasibility of installing a network of 22 seismic arrays 
in the U.S.S.R. (fig. 1). 

The figure of 22 was used because it had been originally suggested 
as a figure that might be negotiable or might be accepted. It turns out 
to be 22 instead of 21 because one of the stations was near Vladivostok 
and could be installed either in Russia or China. The main conclusion 
of this study I think might be summed up rather simply, although 
this is certainly a very brief report of the results. 

The conclusion is, Mr. Chairman, that the figure of five in improve- 
ment of detection ¢ apabilities which you mentioned some time ago 
is surprisingly enough right in the range of our results. We cone luded 
that improvements in the range of four to six times are possible through 
the use of large groups of seismometers instead of single seismometers. 
I should qualify that; I mean five times as an average. 

2 Born in Denver, Colo., on Mar. 12, 1909. He received a B.S. degree in geology from the California 
Institute of Technology in 1931 and a Ph. D. degree in geophysics in 1935. He was associated with Geo- 
physical Engineering Corp. from 1935 to 1938, and with United Geophysical Corp. from 1938 to the present 
time. He is vice president for research for this firm and technical consultant to United ElectroDynamics, 
Ine. 

Dr. Peterson’s principal activities have been in the field of geophysical operations and interpretation, 
in the design of geophysical instruments and systems, and in the development of geophysical interpretation 
techniques. During 1941 and 1942 he was engaged as a project leader on ND RC underwater sound trans- 
mission studies at San Diego, Calif., and on projects for development of magnetic airborne submarine 
detectors at Quonset Point, R.I. 

3 Has worked for 10 years in the fields of geophysical research, development, and field operations. His 
direct experience inc’ ludes magnetic field detection, geophysical borehole logging, deep-well seismic research, 
seismic data computing systems, seismic data transmission equipment, ballistic missile telemetry systems, 
and temperature resistant coaxial cable research. 

He is an honors graduate of the University of Southern California and holds the BSEE and MSEE 
degrees. His honors affiliations include Phi Kappa Phi, Tau Beta Pi, and Eta Kappa Nu (past president). 
He is registered to practice before the U.S. Patent Office bar. 

He belongs to the following technical societies: 

American Geophysical Union. 
Seismological Society of America. 
Society of Exploration Geophysicists. 
Institute of Radio Engineers. 
American Ordnance Association. 
He holds 7 issued or pending United States and Canadian patents. 
He is the joint winner of the Best Paper Award of the Year, Geophysics, for ‘‘The Synthesis of Seismo- 


grams from Well Log Data,”’ volume XX, No. 3, 1955, and has also published and delivered numerous other 
technical papers at widely dispersed geographical locations, including Europe. 
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It is my personal opinion that to install a network of stations yield- 
ing this improvement will probably require 3 to 5 years, with 1 to 
5 billion dollars expenditure, although it must be clearly understood 
the array study did not cover this estimate of time or expenditures. 

(Supplementary material supporting the above views, follows:) 


SUPPLEMENTAL STATEMENT BY Dr. Raymonp A. PETERSON 


Arrays of seismographic detectors comprise only a relatively small portion of 
an overall seismograph detection system. A considerable number of other items 
must be considered in arriving at realistic estimates of costs of putting the com- 
plete system into operation. The detailed study to which reference has been 
made covered various aspects of locating and constructing a proposed network of 
22 large seismic arrays in the U.S8.S.R. 

At this very early stage there are a great many important factors which have 
not been fully determined or described. Who will do the actual work? Where 
will the equipment and cables be constructed? Will construction ke on a crash 
basis, or will it spread out over a number of years? How will equipment and 
supplies be transported? All these factors have a major effect on the final costs 
of the actual program. I believe the cost estimates given in the report are there- 
fore to be considered as strictly “‘minimum” values. Under certain conditions 
(not determined at this time) it is not unreasonable to expect that actual costs 
could be considerably higher, perhaps by a factor of two or three. 

The array study arrived at a minimum cost figure of the order of $128 million 
to install 100 element arrays only, not including the costs of the recording stations, 
Since in practice costs of the arrays and stations would likely be commingled, it 
is perhaps more desirable to estimate combined costs, starting from the above 
figure. It must be emphasized that cost estimates from this point on concern 
items not covered in the array cost studies. The figures following are only very 
approximate round numbers based on estimated relative magnitudes of various 
tasks, and on the large expenditures involved in construction under Arctic condi- 
tions of other major systems such as the DEW line. They are given only for the 
purposes of illustrating the orders of magnitude involved in placing a system such 
as the proposed one into operation. Very complete and extensive studies will 
be necessary to establish accurate estimates. 

On this basis it is estimated that a network of 22 seismic stations and asso- 
eiated arrays alone in the U.S.S.R. could well involve costs of the order of $250 
million. To this should be added a number of other items difficult to estimate, 
but importantly involved in constructing and placing the system in operation: 


Construction of roads, airports, and other transportation facilities 

in U.S.8.R. required in construction and operation of the system_ $100, 000, 000 
Construction and testing of network data communication system__ 150, 000, 000 
Numerous indirect hidden costs involved in expenditures for logis- 

tical support and transportation by military facilities 150, 000, 000 
Station operating costs while the overall system is being tested and 

put into final operation 50, 000, 000 
Costs involved in acquisition of land, rerouting of local roads, and 

possible relocation of farms from array areas___.------------- 50, 000, 000 
Preparation of base map of U.S.8.R. of sufficient precision for de- 

tection purposes 50, 000, 000 
Costs of adequately testing the performance of the completed over- 

all system by a series of controlled underground test explosions_._ 200, 000, 000 

Note.—The items listed above represent an aggregate sum of approximately $1,000,000,000 and could 
well require a time of 3 to 5 years for accomplishment. These estimates cover the U.S.S.R. alone. If simi- 
lar systems are installed on a worldwide basis, the costs could well amount to $5,000,000,000. 


Representative Hoxrrretp. Wait a minute. From one to what? 

Dr. Prrerson. $1 to $5 billion. 

Representative HoLir1eLp. Sometimes when they say that real fast 
you do not know whether you say a million or a billion. It reminds 
me of the story of the fellow that was making a lecture and he said 
in about 8 billion years this whole planet is going to dissolve. A 
fellow that was slightly inebriated in back of the room got up and 
said, “‘What is that you say?”’ The statement was repeated. This 
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fellow heaved a sigh of relief and said, ‘“You had me worried. I 
thought you said 8 million.”’ I wanted to be sure I got that ‘‘b” 
in there. 

You say in 2 to 3 years, by the expenditure of from $1 to $5 billion 
we might improve our efficiency of detection of seismology about 
five times? 

Dr. Prrerson. That is roughly my personal estimate. In that 
same regard, as we become engaged i in the project, the farther we got 
into the thing the more I became i impressed that we are dealing with 
a project of the magnitude of the DEW line. My figures are not 
supported in great detail, but they are based on the opinion that the 
difficulties are comparable to the DEW line, the magnitude of the 
project is comparable. 

I have not a very detailed knowledge but I understand after a 
very rush crash program of 6 months in which a prototype station 
was tried out to furnish actual practical knowledge, with a crash 
program and the expenditures of multi-billion dollars, the network 
was completed in something like 32 months, and probably did not 
come into full operating effectiveness for some time thereafter. I do 
believe that time is an exceedingly important element when we talk 
about all these matters. It is strictly not a ‘“honeymoon”’ operation. 
If we attempt to operate it on that basis we will have many “unhappy 
wives” returning to their mothers. This is going to take very rugged 
he-men out there to do this job. It will cover a continent which spans 
one-fifth the circumference of the globe. It covers something like 
9 million square miles of area. It will involve the particular feature 
of installing arrays. It will involve something between 6,000 and 
21,000 miles of cable, tens of thousands of telephone poles, hundreds 
of tractors, earth-movers, steam jets, icebreakers. It is like a military 
operation, like a war. 

Representative Batrs. This is just in Russia? 

Dr. Peterson. Yes. The figures just mentioned are for Russia 
alone. My billion dollar estimate is for Russia, the $5 billion applies 
to the entire world. 

Representative Bares. Then you would have to have it in the 
United States and everywhere else. 

Dr. Peterson. Yes. 

Representative Bares. You said you would have to cover the 
whole world. 

Dr. Perrerson. Yes. 

Representative Barres. And $1 to $5 billion in Russia alone. 

Dr. Pererson. One billion covers Russia, five applies to the whole 
world. ‘This is not the array alone. We studied the problem of only 
the array, but when you include the associated central recording sta- 
tions, logistics, support and transportation you are dealing in billion- 
dollar figures, in my considered opinion. 

Representative Hosmer. These groupings you spoke of adding, 
were they at these 21 stations, or were they sntcliitent 

Dr. Pererson. No, they are at the 21 stations. The magnitude of 
the task was a rather surprising conclusion to us because in commercial 
prospecting for oil it is quite common and simple for us to “throw out” 
a number of seismometer groups. Instead of using one seismometer, 
we use of the order of 30 or 50. It is rather a routine thing to ‘ ‘pick 
them up and lay them down” several times a day. 
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But in this situation we are dealing with a completely different order 
of magnitude of difficulty. We are “talking about putting out groups 
of anywhere from 30 to 100 seismometers over a circular area about 2 
miles in diameter. This greatly complicates the problem. 

Furthermore, we are talking about doing this over thousands of 
miles, in wild remote and inaccessible regions, many of them north of 
the Arctic Circle where temperatures go 50, 60, 70, 80 degrees below 
zero, Where transportation is virtually nil, where you have every known 
difficulty to overcome. In the construction of the DEW line this was 
done on home soil, friendly soil, with friendly allies along the Arctic 
shores where maritime transportation could be had once a year. If 
this is to be done under less favorable circumstances with unenthusi- 
astic partners, it will greatly compound the difficulties of realizing a 
successful network. 

Representative HouirreLp. It would require the transportation in 
most instances by air, I suppose. 

Dr. Pererson. In many instances, yes. In this study I might 
mention we investigated, besides the tec chnical factors, the geological 
and topographic aspects of large-array installation. There was sub- 
mitted to us an original suggested group of locations at 22 places in 
the U.S.S.R. which had been carefully picked by a number of experi- 
enced seismologists in an attempt to arrange as adequately as possible 
a network for recording earthquakes and nuclear explosions. 

As we studied this preliminary layout, we found out that, though the 
selection had been made on a rather short notice, it was a very well 
selected network. The conditions of topography and geography in 
Russia are such that it is extremely difficult under stipulated condi- 
tions to pick many more than 25 good locations. One of the de- 
termining factors is that one of the major topographic features in 
Russia is the Ural Mountain Range. To the east of the Ural Mountain 
Range there are millions of square miles of wasteland which is nearly 
inaccessible even to fur trappers. So when you start with the Ural 
Range as an anchor point and build outward in a network you end up 
essentially with the kind of network that was proposed. When you 
locate 22 stations vou use up many of the “good” locations in Russia. 
When you speak of 600 stations you are speaking of geologically low 
grade and poorly situated stations. 

Representative HotirreLp. Did you know enough of the topog- 
raphy and geography of Russia to ascertain the exact location of these 
21 stations? 

Dr. Pererson. Yes, Mr. Chairman. I would not say exactly, but 
I can describe very briefly our approach. 

As a base map for the study we used a series of charts, world aero- 
nautical charts. An example of one of these charts is shown in 
figure 2. I think a good deal of this information became available 
at the time we wer . allies with Russia during World War IT and shortly 
thereafter. These charts are in many ways surprisingly good. They 
are, however, deficient in two ways: They are very ceneralized and 
the contour intervals representing various elevations are often at 
intervals of 500 to 1,000 feet, whereas in our study we really need 
intervals of 100 feet. So we could only estimate. 
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Secondly, we made us of rather extensive geological information. 
The Russians have done, I should say, an outstanding job of mapping 
the geology of their country. (See fig. 3.) I have heard they put 
thousands of geologists to work in big lines and ‘“‘swept”’ them over the 
country, and in a relatively short time did a modern job of mapping 
the country. 

Representative HotirreLp. Would you say the Russians are further 
advanced in the art of seismology than we are? 

Dr. Pererson. I won’t say that. I would say they have more 
intensively investigated certain aspects. They have been very much 
interested in the distribution of earthquakes in highly active regions. 
Around the margins of Russia in the high Hindu Kush area, which 
rises to 15,000 or 20,000 feet, and along the Kurile Island chain and 
Kamchatka, there are very active mountain-building activities now 
taking place. I think some of the most seismic areas in the world are 
located in these areas. There are recent publications on detailed 
studies in southern Russia which show the locations of literally 
thousands of earthquakes. The maps look like a shotgun pattern at 
short range. They have done this by concentrating a number of 
seismological stations in these very active areas. 
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Ficure 3 


Representative Houirretp. Did you find out any information as to 
their activity in surveying ocean bottoms? 

Dr. Prererson. Ocean bottoms? 

Representative HoniFietp. Yes. 

Dr. Pererson. No. 

Representative Houirievp. In the field of oceanography? 

Dr. Perprson. We really didn’t get into that aspect. 

Representative HotirreLp. No maps were furnished you as to their 
work of mapping the bottom of the ocean? 

Dr. Peterson. No. That fell outside of our study project. 

Mr. Ramey. Did you specify the locations of salt domes? 

Dr. Peterson. No, sir. We confined our attention just to the 
proposed locations of the detection stations themselves. We did look 
at the proximity to earthquake areas because that is quite an im- 
portant thing. 

Representative Houir1eLp. We had quite a bit of testimony that 
the location of salt domes is quite different than your earthquake 
country. I noticed you said southern Russia had some earthquake 


areas which I understand is also possibly where they have some salt 
domes, too. 
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Dr. Peterson. I would say this: The earthquake network proposed 
was laid out mainly with consideration to earthquakes and not salt 
domes. That might call for reappraisal in some cases. The original 
network was laid out on the basis of roughly a 1,700 kilometer spacing 
in nonseismic areas and 1,000 kilometer spacing in the more active 
earthquake areas. No attention to salt domes was given as far as 
I know. 

Representative Houtrietp. In your study of this matter, did you 
take into consideration the impact that would be upon the program 
if the land mass of Mongolia and Red China was left out of the station 
zones? 

Dr. Peterson. Only indirectly, Mr. Chairman. We attempted to 
make some maps encircling each location with a circle of effective 
detection distance and we left off the proposed stations in the sur- 
rounding areas. The network would be impaired quite seriously if 
you were not able to fill it out in surrounding countries. 

Representative HoxirreLp. Is it your considered opinion that it 
would be necessary to have stations in a similar manner throughout 
the land mass of Red China and northern Mongolia? 

Dr. Pretrerson. I should say it would be highly desirable and par- 
ticularly in Mongolia and Afghanistan in the areas bordering the 
U.S.S.R. on the south, which is one of the very highly active areas. 
There would be a particular loss if you could not get stations in those 
areas. 

Representative Houirie.p. If a station system such as we have 
talked about were planned, it would take in your opinion from 2 to 3 
years to install it, or was that 2- or 3-year period the time period for 
research and development to develop instruments of five times 
efficiency? 

Dr. Peterson. Mr. Chairman. I think there would be two steps 
necessary. First, a preparatory phase where we collect more actual 
engineering data. Secondly, the actual construction phase covering 
3 to 5 years. ‘To date nobody has built a seismometer array or 50 to 
100 seismometers. I mentioned the figure of 6,000 to 2,100 miles of 
high quality cable. We don’t know for sure just what the best kind 
is, the best way to string it. There may be ice and sleep problems. 
Shall the cable be up in the air, shall it down on the ground? We 
tried to answer how much shall we use. How many seismometers 
shall we use? We concluded that the seismometer should be put in 
a circular area roughly 3 kilometers or 2 miles in diameter. On the 
basis of our study we recommend that the number be kept down to 
something like 31 instead of a hundred because of practical difficulties 
of finding 100 satisfactory locations within an area of a 2-mile circle. 

(A 31-position array seismometer grouping is illustrated in fig. 4.) 

Mr. Coxer. Mr. Chairman, I wonder if I may add one point here. 

Representative Houirretp. You certainly may. 

Mr. Coxer. This question of finding suitable locations for placing 
seismometers is a serious one. In our opinion it breaks down into two 
categories: First, it is the matter of finding large basement outcrop 
areas on which a 3-kilometer circle can be drawn and which are 
properly spaced at 1,700 kilometers and 1,000 kilometers as previously 
mentioned. 
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Secondly, within each circle, it is necessary to find isolated locations, 
a few thousand feet apart, and numbered perhaps 30 or as high as 100, 
on which individual seismometers can be placed. In the first category, 
we studied 22 major areas, each 250 kilometers in diameter in an 
attempt to find whether or not the large 3-kilometer-diameter basic 
granite outcrops were available. Of the 22 areas, each larger in dia- 
meter than the distance from here to Philadelphia, we concluded 
that in some cases there were no “optimum” geological positions avail- 
able for these arrays. But to sum it up, from the geology maps, 
about 75 percent looked reasonable. 

The remaining 25 percent fell on poor geology, which would presum- 
ably degrade the detection cape biity of that station, or on very poor 
geology in some cases. So it boils down to this: To obtain 75 percent 
out of 22 in these enormous circles, we in several cases had to go out- 
side of the circles by more than a hundred kilometers to find anything 
suitable. In addition for the remaining 25 percent, nothing really 
desirable appeared to be present unless | very inaccessible locations 
were selected. 

Representative Hotirietp. I assume that you have adequate in- 
formation from these maps to back up the statement which you have 
just made, we have heard considerable testimony today from Dr. 
Bethé and others in which they recommend from 125 to 600 stations 
in the U.S.S.R. Would you savy that this is a practical and feasible 
suggestion that that many stations or areas be found which would 
allow a battery of seismographs such as 31 to the station to be 
established? 

Mr. Coxer. I think I would say this: The probability of finding 
a larger percentage of, say, 600 high quality locations is much lower 
than the probability of finding 22. This sounds obvious, perhaps. 

Mr. Ramey. You are talking about different instruments to some 
extent, are you not? 

Representative HoLirieLp. I want to be sure now I am right in my 
thinking. Did you understand Dr. Bethé to indicate that the high 
frequency instruments and the low frequency instruments were 
needed in the same amounts at each station? 

Dr. Peterson. Mr. Chairman, I was not present prior to this 
morning and did not hear his testimony of yesterday. 

Representative Hourrretp. Could I ask for the record at this time 
if anyone, or Dr. Romney, perhaps, if the same requirement for 
multiple instruments is needed in the so-called high frequency detec- 
tion range as in the low frequency? 

Dr. Romney. Sir, it would be desirable. But the calculations that 
have been made assume that you will not have access to those good 
sites. In other words, Dr. Bethé’s calculations do take into account 
that the sites will be inferior to those being discussed here. 

Representative Houirretp. Is that why he wants them placed 
200 kilometers apart? 

Dr. Romney. That is part of the reason for the smaller spacing; 
yes. You could increase the spacing of the grid he talked about with 
fewer stations if you could obtain better sites. No one believes you 
can obtain such good sites as are being discussed here. 

Representative Ho.irretp. My basic question really was directed 
to the point of whether you needed as many seismographs at a high 


frequency installation as you need for the low frequency in order to 
obiain your average efficiency. 
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Dr. Romney. No. The proposals made so far call for a single 
seismograph at each of these 600 stations rather than array. 

Representative Hoxirietp. I am glad to have the record cleared 
up on that. 

Dr. Prrerson. It simplifies some problems greatly if you use 
only one seismometer. You study in detail the problems involved 
in installing a 3-kilometer array circle, and you find there are many: 
to find the right geology, the right kind of rock, not excessive relief. 
You may even get into other types of problems. For example, what 
if selected areas fall where there are farmers? W ill you evacuate the 
farmers, will you rerun the roads to avoid noise? You can anticipate 
more problems in populated zones 

Continuing in this study, since it had a geographical flavor we also 
made an attempt to study the effect of wind on the performance of the 
network. This is a very important factor because some of the 
principal seismic noises in the frequency range involved in_ these 
networks is generated by wind. Using available experimental data— 
by the way, “I should say we think a ood deal broader range of data 
would be useful, but we made the best possible use of available 
data—workong on a relative basis we predict that if under no wind 
conditions a given station can detect, and I should say that, by 
“detect”? we mean recognize the presence of a signal—suppose under 
no wind conditions a given station location would ‘‘just”’ recognize 
a certain size explosion, this would be for only a small part of the year. 
If you wished to be able to have 50 percent detection time possible 
during the year it would under similar conditions take 244 times as 
Jarge an explosion. If you wished to have detection capabilities equal 
to no wind conditions, for 80 percent of the year, it would take nine 
times as large an explosion. 

If you wished to have detection capabilities equal to no wind 
conditions for 90 percent of the year it would take 17 times as large an 
explosion. At one of the noisy stations, it would take unusually large 
explosions. So the detection capabilities are very closely coupled to 
the wind noise. 

Representative Ho.irretp. Then in the place of suggesting these 
fantastic sizes of weapons which are unnecessary from the standpoint 
of improvement of weapon capability, conversely if you carried your 
comparison in the other direction, you would say that a 20-kiloton shot 
would become less and less detectable as the wind increased. 

Dr. Perprson. Yes 

Representative Houtrretp. Could you give us that comparison? 

Dr. Pererson. Yes. Say if you had a “20 kiloton. 

Representative HontrreLp. We are setting up the stations at 1,700 
kilometers. 

Dr. Pererson. Yes. The figures I gave you are relative figures 
because we geared our study to what relative improvement can be 
effected by using arrays compared with single seismometers. So the 
figures I give should not be put in absolute terms. I am trying to 
illustrate the magnitude by giving ratios. 

Mr. Coxer. Mr. Chairman, I wonder if I might have the right to 
put it in a slightly different light. 

First, these ratios Dr. Peterson has given are merely illustrations 
which suggest that an isolated hypothetical station will undergo a 
reduction in detection capability as the wind velocity increases there. 
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By limitation of weather and other data, we have had to take the 
data available and integrate it into a yearly average. In so doing, 
we have numbers that need to be carefully interpreted. This is an 
illustration. It is not an absolute estimate of actual performance 
to be expected at any one of these stations. It is set forth to demon- 
strate that wind and other local sources of noise may degrade the 
capability of isolated stations at different times during the year. 
But it is obviously improbable that all 20 or 22 stations would ex- 
perience heavy winds at the same time. 

Representative HouiFrievp. It is also improbable that there would 
be enough bombs set off to register on all the stations, isn’t it? 

Dr. Pererson. I am sorry. 

Representative Houirie_p. Is not the purpose of separating the 
stations 700 kilometers apart partly for the purpose of making them 
closer to the location of the explosion and therefore, let us say, in the 
far eastern side of Russia the seismographic stations there would 
register more accurately and more strongly, I would assume, than on 
the European side of Russia? 

Mr. Coker. Yes, in part. 

Representative Houirievp. If the wind took out across Siberia and 
affected your signal during a certain period of the year, would it 
mean that small shots could be set off in that area without detection 
by those stations in the eastern part of Russia not affected by wind 
conditions? 

Mr. Coxer. That is a good strong statement and I am not prepared 
to completely back it. 

Representative HouiriELp. That was a question. Far be it from 
me to be able to make a statement like that. 

Mr. Coxer. I am sorry. I think the principle is correct. If, near 
an isolated station, there is a source of local noise, such as a railroad 
train going by within a few miles, the detection capability of that 
station is reduced temporarily. The local source of noise might also 
be the wind. During a gale, maybe the “efficiency” of a particular 
station is reduced to only 20 percent of its normal value. I think 
to keep in mind is that any reasonable sized nuclear explosion or 
earthquake will ordinarily be detected at a number of the stations. 
In fact, the original concept of the spacing of the stations was to 
place them 1,700 kilometers a part in zones that are not ordinarily 
earthquake active and closer, 1,000 kilometers apart, in sesimically 
active areas so as to more closely monitor these natural events. 

Representative Ho.irieELp. Mr. Hosmer. 

Representative Hosmer. I guess I do not have any questions. This 
is a startling bit of testimony here. The best indication is that we 
are negotiating on the basis of a sham seismological system. The 
principal value would be to delude yourselves. 

Mr. Coker. I would like to add something on a different subject, 
if I may. One of the basic concepts of this study was to determine 
the practical value and optimum size of large seismometer arrays as 
a method for detection and identification. The basic concept is that 
as you increase the number of seismometers in a geometrical pattern 
as Dr. Carder pointed out earlier this morning, the ability to detect 
signals is increased relative to the normal noise that is measured at 
that station. 
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Theoretical calculations have been made which suggest very large 
improvements for such arrays. But these have been done on paper. 
They suggest improvements of 10 or 20 or more times in the detection 
capability, by a hundred or 200 or so seismometers. 

On the other hand, our study is based on what we believe is prac- 
tical to put into the field. How many seismometers can physically 
be located on hard rock? Can they be maintained in northern Siberia? 
What are the manpower requirements and that sort of thing? Our 
general conclusion is that, first, some of the mathematically predicted 
improvements in detection capability of large arrays will probably not 
be found in actual practice. One of the reasons is that as you put 
seismometers out on the ground you cannot always place them at the 
mathematically ideal positions because you do not find rock outcrops 
there, for example, or they end up on rocks of differing elevations. 
These practical factors tend to degrade the performance of an actual 
array somewhat compared to a theoretical mathematical ideal. It 
should be noted that the practical overall result of fivefold or sixfold 
improvement for an array of 100 elements confirms the figures used 
earlier by Dr. Richard Latter in his testimony. 

However, combining all practical field factors, we believe that arrays 
of 100 seismometers may not be the most optimum to use. We cer- 
tainly believe that arrays of larger than 100 tend to be impractical. 
In summary an array of perhaps 30 or 50 seismometers may be an 
optimum value producing an increase in detection capability of about 
fourfold. 

Representative Hosmer. As a practical matter, is the whole thing 
practical or impractical? 

Mr. Peterson. It is a matter of the effort put in. I think it will 
take a major crash program and major support to make the thing 
work and function. It will take great effort. If it is carried out in a 
wishy-washy fashion it will be a complete ‘‘flop.”’ 

Representative Hosmer. You spoke of 21,000 miles of cable to feed 
the information. 

Mr. Peterson. That will be to convey the information from the 
array area about 214 miles to a recording station. 

Representative Hosmer. Getting information to a station has no 
value unless you get it out. 

Mr. Peterson. That is right. 

Representative Hosmer. Probably it is of little value unless you 
get it out of all 22 stations into some central place. How much 
additional cable will that take? 

Mr. Coker. This question of communications is somewhat beyond 
the scope of what we tackled here. I think ordinarily it would be 
done by other means than cables, such as by sending records, mag- 
netic tapes, or films through the mail, by carrier, or any other form. 
In addition radio or other communication techniques might be used. 

Representative Hosmer. That has to have some degree of integrity. 

Mr. Coker. Yes. 

Representative Hosmer. You spoke of one of these stations having 
its seismometers as far apart as from here to Pennsylvania. 

Mr. Coker. I must have given an incorrect impression. I mean 
to say that each of the 22 proposed general locations that we studied 
was arbitrarily 250 kilometers or 160 miles in diameter. I merely 
tried to convey a local feeling by saying that this diameter is farther 








irge 
per. 
Lion 


rac- 
ally 
ria? 
Our 
cted 
not 
put 
the 
rops 
ons. 
‘tual 
It 
fold 


used 


Trays 

cer- 
‘ieal. 
e an 
bout 


hing 
, will 


thing 
/ina 


) feed 
1 the 


is no 


3 you 
much 


»yond 
ld be 
mag- 
form. 
used. 


grity. 


aving 


mean 
udied 
nerely 
arther 








NUCLEAR WEAPONS TEST BAN CONTROLS 331 


than from here to Philadelphia. Within each of those areas our 
objective was to locate favorable access conditions, reasonable 
topographic and elevation relief, and good geological outcrops of 
basement rock. In addition it was necessary to hunt for areas which 
were isolated from local industry which can produce noise. Isolation 
from railroads, from pipelines, and other manmade noise sources was 
also required. By combining all of these restrictions and criteria, 
the conclusion was that it is often difficult, in an area 160 miles in 
diameter, to locate one or more places where a reasonable compromise 
exists, that is, fair or good geology, reasonable access to the station 
and not next to a railroad or a heavy industrial center or too near the 
seacoast. 

Representative Hosmer. You still have about an average of more 
than a thousand miles of telemetering cables in each one of these sta- 
tions, haven’t you? 

Mr. Coker. Yes. May I put it this way: There are two basic size 
arrays which we considered. One had 31 individual seismometers 
and the other nearly a hundred, namely, 97. The 31-element array 
requires 6,600 miles of electric cable for all 22 stations combined or 
300 miles per station. The 97-element array requires 21,000 miles of 
cable for all 22 stations or 1,000 miles per station. 

Representative Hosmer. Let me get it this way. Is it in the build- 
ing or the cable stretched across the country beinging information 
from one place to another? 

Mr. Coxer. The cable is deploved over an area roughly 2 miles 
in diameter connecting to a building that is a few miles away. 

Representative Hosmer. That cable is subject to sabotage and any 
other thing that might happen to it by man, in addition to the ele- 
ments; Is that right? 

Mr. Coxer. Presumably it would be. 

Representative Hosmer. Then you still have a problem of radio or 
some way of getting the information that is out in one of these stations 
to a central area? 

Mr. Coxer. That is correct. 

Representative Hosmer. Your study did not encompass the pro- 
tection of the integrity, either, of the communications within the 
station nor between stations and central headquarters? 

Mr. Coxer. It did not. 

Representative Hosmer. Thank you. 

Representative Horirietp. Any questions, Mr. Bates? 

Representative Bares. Wouldn’t it be possible to nullify the effects 
of all of these stations simultaneously by noise? 

Dr. Peterson. I believe it would be difficult, sir, to do this by 
artificial means. Theoretically you could set up shakers near every 
station but it would be a very difficult and crude attempt. I think 
the most practical use of noise would be to make use of earthquake 
noise, though there are many difficulties. It is conceivable that an 
underground explosion could be triggered in the wake of a natural 
earthquake occurring within a hundred kilometers and within a half 
minute or so before. This approach would give a “noise shield’’ so 
that the whole thing would be shielded at a good many stations. 

Representative Bates. With a combination of wind and other fac- 
tors could you pretty well eliminate picking up a signal that you could 
identify? 
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Dr. Pererson. I would say that the destruction of detection capa- 
bilities at all stations simultaneously is very improbable, but degrada- 
tion at a few critical stations could vitiate that part of the network. 
I think the more practical means or the more real danger would occur 
if the explosion were deliberately set off in the wake of a fairly good- 
sized natural earthquake, of which there are a substantial number 
occurring every year. That would be another way of attempting 
concealment. 

Representative Bates. When you have one of these first motion 
indications you could let it go then. 

Dr. Peterson. Within a half minute or so after you have identified 
it. 

Representative Barns. So even with this tremendous effort and 
expense you still wind up with any kind of certainty even with 
decoupling. 

Dr. Pererson. That is right. You end up with a very low prob- 
ability of detection if there is an intent to concealment. You have 
very little chance of detection. 

Representative Hosmer. Right along that line, with this system 
that you have described here, if you were calculating whether or not 
to try a clandestine test, and you used your best efforts at conceal- 
ment, what chance do you think you have of beating the system? 

Dr. Peterson. I hesitate to put numbers but maybe 99 chances 
out of 100 if you went at it in a competent fashion. 

Representative Hosmer. Ninety-nine chances out of a hundred? 

Dr. Peterson. Yes; by evasion, by using proper decoupling and 
timing. 

Representative Hourirretp. Does that end your testimony? 

Mr. Coxer. I have another point or two if I might add it. 

Representative Ho.rrretp. We would be glad to have it. 

Mr. Coker. One thing which we did not completely expect in this 
study, a factor that came up as we went along was the need to accu- 
rately know the geographical location of each of the stations which 
you put in a foreign area. This sounds so obvious, but it is not 
obvious. If you place a station at some spot out in the U.S.S.R., all 
of the readings that station makes and all of its predictions of the 
locations of earthquakes or bomb tests are no better than the accuracy 
of the station location. ‘So the problem that arises is twofold. First, 
you must accurately survey the precise location of each of the 22 
stations so that they are precisely known on a global longitude and 
latitude network. 

Secondly, in order to direct an inspection team to the spot on the 
physical ground they desire to inspect, you must have sufficient local 
mapping so that when they get there, they know how far to go and 
in which direction and where to stop and where to start looking. 

I hope I am making this clear. There are two kinds of different 
problems. One is that you have to make 22 accurate surveys, and 
this may be relatively simple. The other one is, that you must be 
able, by more accurate topographic maps or portable surveying 
apparatus or by some other means, to direct the inspection team so 
that they can find the area on the ground that all the detection 
stations located. I am not aware of the degree of accuracy of survey- 
ing in the U.S.S.R. at the present time. We understand there is a 
fine triangulation net over certain parts, but the question of local 
surveying accuracy should be an understood limitation of the system. 





a a 


NUCLEAR WEAPONS TEST BAN CONTROLS 333 


Representative Houiirre,p. And this same requirement would be 
applicable to the land mass of Red China, India, Africa. 

Mr. Coker. Presumably. 

Representative Hotirretp. And the Western Hemisphere. 

Dr. Peterson. Mr. Chairman, many of the inaccessible parts of 
the world have been located merely by taking astronomical observa- 
tions. We have not made a thorough study but we suspect that the 
locations of many of these spots are not known within 25 miles at the 
present time. It would take a very all-out method to get a good base 
map on which to work out the area. There is a major job there 
involving many man-years of effort. 

Representative Hosmer. I| think that should be brought out with 
clarity. You might locate each of these 22 stations in latitude and 
longitude, but still you have to have the rest of the country covered 
accurately in order to make this meaningful, is that correct? 

Dr. Peterson. Yes. You might get out there and you might be 
10 miles farther than you think you are. You would be no closer 
than the map accuracy. 

Representative Hosmer. And that throws all the rest of the 
locations off. 

Dr. Peterson. That is right. 

Representative Hosmer. Incidentally, when you got all that, the 
chances are still 99 in 100 that you mentioned before? 

Dr. Prererson. I discounted a lot of these things in making that 
statement. 

Representative Hourrretp. Gentlemen, you have certainly given 
us food for thought today, and we very much appreciate your 
presentation. 

We will resume at 10 a.m. in the morning in the old Supreme 
Court room, with Dr. Byron P. Leonard from Space Technology 
Lab, Los Angeles, and the balance of the witnesses. 

(Additional material submitted by Dr. Peterson and Mr. Coker 
follows:) 


ABSTRACT OF TECHNICAL Stupy REporT ENTITLED ‘INVESTIGATION OF PRo- 
POSED Use oF LARGE SEISMOMETER ARRAYS IN THE U.S.S.R. FoR THE DETEC- 
TION OF UNDERGROUND NUCLEAR EXPLOSIONS” 


(This abstract is supplied in support of testimony given by Dr. Raymond A. 
Peterson and Frank B. Coker before the Joint Congressional Committee on 
Atomic Energy, April 21, 1960) 


ABSTRACT 


The report deals with five general subjects: 

1. The characteristics and practical effectiveness of large seismometer arrays. 

2. The availability of suitable sites for 22 large array installations in the 
U.S.S.R. 

3. The effects of natural and man-made noise sources and earthquake activity 
on the spacing and efficiency of the stations. 

4. The cost of installation and operation of only the large seismometer arrays 
at the 22 proposed station locations, exclusive of costs of other essential portions 
and features of the overall seismic detection system. 

5. The importance of adequate provisions for an accurate base map of the 
U.S.S.R., realistic testing of the finished network and reasonable flexibility in 
its operation. 

The results of the study suggest— 
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1. Large array characteristics 

(a) Performance of actual! seismometer arrays is degraded compared to idealized 
arrays owing to practical field factors including— 

(1) Deviation of actual seismometer positions from ideal positions. 

(2) Deviation of actual seismometer elevations from ideal 

(3) Variations in geological environment. 

(4) Omission of seismometers from arrays, caused by natural obstacles. 

(b) The effects of these ‘‘natural’’ factors were simulated in this study by a series 
of digital computer calculations. The results include an estimate of relative 
improvement in performance to be expected from various size arrays, together 
with a set of criteria for field placement of large arrays. 

(c) These criteria were applied to 2 basically different size arrays containing 
31 and 85 elements, respectively. The resulting expected improvement com- 
pared with a single seismometer was— 

Thirty-one elements, 4 times improvement. 
Eighty-five elements, 5.5 to 6 times improvement. 

(2d) Although the degree of improvement increases with the number of seis- 
mometers, a stage of diminishing returns is reached owing to— 

(1) Unavailability of geologically suitable positions for every seismometer. 

(2) Burdensome field maintenance requirements. 

(3) Decrease in seismic efficiency caused by close spacing of seismometers. 

(4) Excessive installation time required in view of adverse weather conditions 
and short working seasons in northern areas resulting in serious delays in putting 
the overall system in effective operation. 

After careful weighing of all these factors, it is reeommended that approxi- 
mately 31 seismometers be utilized in each array. 


Availability of sites 


(a) The selection of suitable sites for installation of large seismometer arrays 
involves a compromise between the following factors: 

(1) Availability of sites geologically favorable to seismic efficiency: 

(a) Each station requires a granitic or metamorphic rock outcrop 3 kilometers 
(2 miles) in diameter. 

(b) Within each 3-kilometer circle must be found properly spaced individual 
rock outcrops for each seismometer. 

(2) Reasonable topography allowing acceptable seismometer emplacements 
without excessive elevation differences. 

(3) The array sites must be spaced sufficiently far from natural and manmade 
seismic noise sources including railroads, pipelines and heavy industry. 

(4) Reasonable accessibility. 

Final site selection requires on-the-ground inspection. However, preliminary 
selections can be made from studies of geologic and topographic maps. 

(b) These criteria were applied to 22 locations in the U.S.8.R. spaced in proper 
relation (1,000 kilometers or 1,700 kilometers). Each study area was 250 kilome- 
ters (156 miles) in diameter. The results for two of the most important criteria, 
geology and accessibility, are summarized below: 


Number of Percent of 
stations total 


Good geology: 


Fair geology: Good or fair access 
ee eee Seen Oe MP ROUGE og. dost pasedanecenuuebuccrepaetcdnenene 
Very poor geology: Fair access 


morro eo 


12 are located considerably outside of the originally suggested 250-kilometer diameter circles. 


In summary, 73 percent of the stations could apparently be put on good geology 
with good, fair, or poor accessibility. The renaining 27 percent fall on fair, poor 
or very poor geology with consequent reduction in their detection capability. 

In addition, 27 percent of the locations are situated near large bodies of water 
which may result in higher than average microseismic background noise levels. 


Two fell in the category of good geology; four fell in the areas of less desirable 
geology. 
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3. Noise sources, earthquakes, and network coverage 

(a) In most cases locations could be found which minimized effects of manmade 
noise. 

(b) Wind noise may drastically degrade individual station performance, but 
the effect is presumably localized to only a few stations at a time corresponding to 
local weather conditions. On the other hand, one or two “‘wind degraded”’ stations 
may seriously reduce the network’s capability to identify events using the polar- 
itv of first motion criterion. For an average station, the relative increase in 
nuclear vield involved over that required for detection in the absence of wind is 

70 percent for detection 50 percent of the time. 

370 percent for detection 80 percent of the time. 

750 percent for detection 90 percent of the time. 

(c) Spacing of the proposed 22 locations corresponds closely with the areas of 
high and low earthquake activity. However, U.S.S.R. coverage will be consider- 
ably impaired if not supplemented by additional stations outside the borders, 
especially to the south. 

(d) Stations near the areas of high earthquake activity will have a very heavy 
data handling workload with need for correspondingly increased numbers of 
operating personnel and equipment. 

1. Cost to install and operate arrays 

(a) A detection station comprises two basie parts: 

(1) Seismometer array itself. 

(2) Associated recording and communication equipment, buildings, 
roads, even airfields in some cases. 

(6) The following approximate cost estimate covers only item (1), the seis- 
mometer array itself. It applies to 22 stations. 

Estimated installation cost for twenty-two, 100-seismometer arrays (not 
including station recording and communication equipment, buildings or 
access roads), $130 million. 

(c) Estimated annual operating cost for the arrays only is $7,500,000. 

(d) At this very early stage there were a great many important factors which 
could not be determined. For example: Who will do the actual work? Where 
will the equipment and cables be constructed? Will construction be on a crash 
basis, or will it spread out over a number of years? How will equipment and sup- 
plies be transported? All these factors have a major effect on the final costs of 
the actual program. The cost estimates given in the report are therefore to be 
considered as strictly minimum values. To them must be added the cost of the 
recording stations (electronics equipment, communications, support, and living 
facilities) plus the cost of constructing access roads and even airfields in some 
northern stations. It is important that a detailed and accurate cost estimate be 
made including all these and other applicable factors. 


access 


5. Factors essential to network operation 


(a) A high precision base map of the U.S.S.R. is essential to useful application 
of network detection data, 

(b) Realistic testing of the finished actua] network with an adequate number of 
controlled underground explosions is vital in evaluating the effectiveness of the 
overall network. 

(c) Careful advance planning and negotiations are essential in providing rea- 
sonable flexibility in constructing and operating the network: 

(1) Multinational construction and operating teams will probably operate at 
reduced efficiency owing to language differences and differences in living habits, 
approaches to technical problems, etc. Methods must ke established for resolving 
technical and human problems which arise. 

(2) Operating agreements must be established enabling reasonably frequent 
visits by supervisory personnel of the same nationality as the resident station 
personnel in order to preserve their morale. 

(3) Agreements must provide for a reasonable frequency of local leave and 
rotation and replacement of personnel. 


(Whereupon, at 5 p.m., Thursday, April 21, 1960, the committee 
was recessed, to reconvene at 10 a.m. Friday, April 22, 1960.) 
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TECHNICAL ASPECTS OF DETECTION AND INSPECTION 
CONTROLS OF A NUCLEAR WEAPONS TEST BAN 


FRIDAY, APRIL 22, 1960 


CONGRESS OF THE UNITED STATES, 
SPECIAL SUBCOMMITTEE ON RADIATION, 
SUBCOMMITTEE ON RESEARCH AND DEVELOPMENT, 
JOINT CoMMITTEE ON Atomic ENERGY, 
Washington, D.C. 

The subcommittees met, pursuant to recess, at 10 a.m. in room 
P-63, the Capitol, Representative Chet Holifield (chairman of the 
Special Subcommittee on Radiation) presiding. 

Present: Representatives Holifield, Durham, Hosmer, and Bates. 

Also present: James T. Ramey, executive director; John T. Conway, 
assistant director; George F. Murphy, professional staff member; and 
Richard T. Lunger, staff consultant. 

Representative Houir1eLp. The committee will be in order. 

The Special Subcommittee on Radiation and the Subcommittee 
on Research and Development resume this morning the public 
hearings on the technical problems of a nuclear weapons test ban and 
the necessary detection techniques and inspection controls. 

We are in the fourth full day of these hearings. We have been very 
fortunate in having as witnesses a number of highly competent scien- 
tists who have given freely of their time to assist this committee in 
understanding the problems we face. 

While there has not been unanimity in all areas of the testimony so 
far, we are, I believe, succeeding in narrowing areas in which there are 
differences. The manner in which our scientific witnesses have been 
presenting their divergent views and their willingness to sit together 
around a table in discussion, as was done yesterday in our panel meet- 
ing, speaks well for the sincerity and objectivity of the scientific com- 
munity as represented by our witnesses. 

I believe I can speak for the members of both subcommittees, as 
well as all members of the Joint Committee who have been attending 
the hearings, in saying we are deeply appreciative of the fine public 
service our witnesses have been performing. 

This morning we will resume with a discussion of the Geneva-type 
international control system with regard to the problem of detecting 
high altitude and space tests. Our first witness will be Dr. Byron P. 
Leonard, Space Technology Laboratory, Los Angeles, Calif. 

Dr. Leonard will be filling in for Mr. Allen F. Donovan of the Space 
Technology Laboratory and is prepared to discuss the satellite vehicle 
requirements for reporting the system. 

He will be followed by Dr. Richard Taschek of the Los Alamos 
Scientific Laboratory, who is prepared to discuss the period of time it 
will take for achieving capability in this field. 

Dr. Leonard, we will begin, if you are ready. 
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STATEMENT OF ALLEN F. DONOVAN,’ SPACE TECHNOLOGY 
LABORATORY, LOS ANGELES, CALIF., READ BY DR. BYRON 
P. LEONARD * 


Dr. Leonarp. Thank you, Mr. Chairman. 

Gentlemen, Mr. Donovan, whom you invited to testify on satellite 
vehicle requirements for systems for detecting nuclear explosions in 
space, has asked me to express his personal regrets that he is unable to 
be here today. Other pressing matters made it impossible for him to 
attend on such short notice, but he has prepared a statement and 
delegated me to present it to you. 

My name is B. P. Leonard, and I am project engineer on the studies 
being pursued by the Air Force Ballistic Missile Division and Space 
Technology Laboratories on systems for detecting high-altitude 
nuclear explosions. 

This work is being done under the direction of the Advanced 
Research Projects Agency and in cooperation with the Atomic Energy 
Commission and the National Aeronautics and Space Administration. 

It entails systems analyses of the satellite-borne detection systems 
proposed by the Geneva Working Group (Technical Working Group 
I) in July of 1959. It is expected that the results of these studies 
will lead to a better understanding of the capabilities, requirements, 
and costs of the proposed systems. 

I will now read Mr. Donovan’s statement. 

Gentlemen, I regret that due to a longstanding commitment I am 
unable to be present today to personally present my opinions on space 


vehicle requirements for systems to detect nuclear explosions in space. 
I have, however, prepared this written statement for your committee. 

In addition, I. have arranged for one of my colleagues, Dr. B. P. 
Leonard, who has worked with me on studies of systems for the 
detection of nuclear explosions in space, to be present to answer 
questions and present such additional material as your committee 
may require. Should there be further interest in this general subject, 


1 Position: Vice president of Space Technology Laboratories, Inc., and Director of Advanced Systems 
Planning Division. 

a Received his B.S.E. and M.S. degrees in aeronautical engineering from the University of 
Michigan. 

Experience: His background of experience includes positions both in the aircraft industry and with the 
university-operated Cornell Aeronautical Laboratory. His work has involved a wide range of research and 
development activities on manned aireraft, guided missiles, and space vehicles. During his 4 years with 
Space Technology Laboratories, Inc., and its predecessor, the Guided Missile Research Division of the 
Ramo Wooldridge Corp., he has been in charge of the technical direction of the rocket vehicle aspects of the 
Air Force ballistic missile program, including particularly the propulsion and nose cone developments for 
the Atlas, Titan, and Thor missiles. In addition he served as Titan program director in the early phases of 
the Titan missile development, contributed to the establishment of the solid propellent Minuteman missile 
program, conducted a series of space vehicle studies which led to the Air Force Pioneer lunar probe program, 
and supervised the technical activities related to the vehicle aspects of the Air Force Pioneer program. He 
served as a U.S. delegate to the Conference on Nuclear Test Suspension held this past summer at Geneva, 
Switzerland. Currently chairman of the Propulsion Panel of the Air Force Scientific Advisory Board, Mr. 
Donovan is also coeditor with H.R. Lawrence of vol. VII of the Princeton series on high speed aerody- 
namics and jet propulsion, and the author of a number of technical articles. 

2 Bachelor’s degree in physics from Southwestern Louisiana Institute and a master’s and doctor’s degree 
in nuclear physics from the University of Texas. 

After obtaining his bachelor’s degree in 1943, entered the U.S. Navy where he served until 1946. After 
his discharge he became a project engineer at the U.S. Naval Ordnance Test Station where he was respon- 
sible for range test firings of experimental rockets from aircraft. 

He then became a member of the physics teaching staff at Southwestern Louisiana Institute. In 1950 he 
entered the University of Texas where he taught physics, carried out nuclear research for the Air Force, and 
subsequently received his doctor’s degree. 

In 1953, joined the Convair Aircraft Co. on the aircraft nuclear propulsion program. There he became 
head of the nuclear aircraft research facility where two experimental reactors were operated to obtain data 
on nuclear shielding and radiation effects to aircraft materials and components. In this capacity he was 
oa for the nuclear test airplane program which entailed first flights of a test reactor aboard a B-36 
airplane. 

Since joining Space Technology in 1959, has been responsible for studies on advanced nuclear systems 
including possible detection systems for high-altitude nuclear explosions. 
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I would welcome the opportunity to appear before your committee 
at future hearings. 

For your general information, my field of technical specialization 
lies primarily in the design and development of space vehicles, par- 
ticularly those aspects related to propulsion, structures, guidance and 
control, and communications. 

I served as a member of Dr. Panofsky’s delegation (TWGI) to 
Geneva with the assignment of providing information in the satellite 
and space vehicle area. By training I am an aeronautical engineer, 
not a physicist, and my present position is vice president and director 
of the Advanced Systems Planning Division of Space Technology 
Laboratories, Inc., in Los Angeles, Calif. 

You probably know Space Technology Laboratories, or STL as it 
usually called, as the organization responsible for the systems engi- 
neering and technical direction of the Air Force’s Atlas, Titan, Thor, 
and Minuteman ballistic missile programs. In the space field, it was 
STL who built and launched the space probes Pioneer I, II, and V, 
and the satellite Explorer VI for NASA under the management of the 
Air Force Ballistic Missile Division. 

I have tried to anticipate the areas of interest to you in which I 
might supply information. I believe that there are primarily two 
First, the ability to conduct nuclear tests in space; and second, the 
capability of our vehicles to install systems in space for the detection 
of nuclear explosions. 

Because of limitations of security on the capabilities of our space- 
launching vehicles and related items, 1 will confine my remarks pri- 
marily to those items discussed at Geneva or which have previously 
been released. 

Kirst, let me discuss the ability to conduct nuclear tests in space. 
Perhaps with the achievements of both the Soviet Union and ourselves 
in space flight, this topic does not need clarification. However, to 
be sure that there is no question about it, let me state simply that a 
vehicle such as the Atlas LCBM, with appropriate upper stage rockets 
could launch a nuclear device—together with sufficient instrumenta- 
tion and radio equipment for a test—to a velocity above that required 
for escape from the earth. 

Radio communication with this test package and tracking of it in 
space could be accomplished as is being done with the space probe 
Pioneer V, which is currently relaying information to us from a dis- 
tance in excess of 5 million miles. When the device had reached the 
desired distance, which could be in the range of tens of millions of 
miles, a radio command would separate the instrument package from 
the bomb. 

After a preset interval necessary to provide the desired separation, 
a timer would detonate the test device while the instrumentation 
recorded the pertinent data and radioed it back to Earth. When space 
vehicles of the future, with bigger payloads, come into being, large 
weapons could be tested in space. 

Furthermore, part of the payload could be used to put a shield 
around the device to make it more difficult to detect the explosion. 
Shielding might also be accomplished by testing behind the Moon, 
for example. The Soviets have already demonstrated with their 
Lunik III the ability to go behind the Moon, and their demonstrated 
superior payload capability would give them an advantage over us 
in conducting such tests at the present time. 
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Let me comment briefly on the safety problem. Many uninformed 
people have expressed concern over the possibility that the failure of 
a rocket vehicle during launch of a test device could result in a major 
‘satastrophe. | would like to say merely that it appears that the 
danger of such an aecident producing a nuclear explosion in the atmos- 
phere or on the Earth can be adequately guarded against through 
techniques already developed. 

Therefore, let me summarize with the statement that testing in 
space is feasible even at distances up to tens of millions of miles ‘and 
in such regions as behind the Moon. 

Representative Houirirevp. Is it not true, Dr. Leonard, that we 
are talking about a program here which is pretty much in the future 
when you consider the capability of providing vehicles with enough 
accuracy of guidance and the telemetering system, the coordination 
that has to occur between the test vehicle itself and the recording 
vehicles and the scope of the recording vehicle’s capability, the 
telemetering back to Earth and the reception of the information 
needed. 

Is that not a pretty far-fetched procedure that you are talking about 
here? 

Dr. Leonarp. No, sir; I think not. 

I would say that all the basic technology required for such a test is 
available today. I think, too, that in general the vehicle capabilities 
are such that a nuclear test could be run in space with present 
capabilities. 

Representative Hoiirietp. At what cost in time, effort, and in 
dollars? 

Dr. Leonarp. I believe as far as time is concerned it is clear that 
the test could be run before a full-blown nuclear detection system 
could be put into space. 

Representative Hotirintp. Would you define that in terms of 
years? 

Dr. Leonarp. I would say it is just a matter of less than 2 years 
that would be involved after it was decided to perform a nuclear test. 

Representative HotirieLp. What would you hope to learn in a 
test of that type? What types of information could you get back? 

Dr. Leonarp. As far as the kinds of information that could be 
gotten back, the technology for transmitting data today is entirely 
adequate for getting information back. As far as detailed measure- 
ments to be made, I do not think I am qualified to answer that part 
of the question. 

Representative Houirretp. I know you can get the information 
back that the device had exploded. Could you get the information 
back as to the power of explosion? 

Dr. Leonarp. Yes, sir; I think that is probably one of the things 
that can most readily be done. 

Representative Houirretp. You think that could be done? 

Dr. Leonarp. Yes, sir. The question of other details on the 
performance of the device gets progressively more difficult and this 
is an area that I am not too familiar with. 

As far as the yield of the device, that is apparently one of the things 
that could most readily be done. 

I will now continue with Mr. Donovan’s statement. 

Let me next proceed to discuss the satellite vehicle requirements 
for space detection systems. The principal systems discussed by the 
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High Altitude Technical Working Group at Geneva (Technical Work- 
ing Group I) were a far-earth satellite system, a solar satellite system 
and an Argus satellite system. 

In addition, a near-earth satellite system was discussed as an 
alternate to the far-earth system if launching vehicle limitations made 
the far-earth system too difficult or expensive. 

The far-earth satellites were conceived as operating in orbits from 
30,000 to 50,000 kilometers altitude, or roughly 20,000 to 30,000 miles 
high. The system would consist of from four to six satellites arranged 
in orbits so that the detectors would survey all the space below them 
down to the surface of the earth’s atmosphere and all space outward 
from their orbit except for the regions shielded from view by the 
moon, the sun, and other planets. 

To cover these regions and to assist in the detection of shielded 
explosions at large distances, the U.S. delegation proposed a system of 
solar satellites. The Soviet Union objected to adding these vehicles 
for detecting explosions behind the moon in spite of the fact that the 
Soviet luniks demonstrated the capability of reaching this region. 
The Soviets took the position that the cost of launching solar satellites 
would be excessive and the communications problem too severe. 
Nevertheless, they were willing to accept the far-earth satellites in 
orbit at 50,000 kilometers. Strange as it may seem to those of you 
who have not been involved in the peculiarities of space vehicles, 
it takes a more powerful rocket system to put a satellite in orbit at 
50,000 kilometers altitude than it does to launch one above the speed 
of escape into orbit around the sun. In either case, it requires a power- 
ful multistage rocket system beginning with an Atlas or larger size 
booster. 

Fortunately, the development of space boosters by the Air Force 
and NASA will make launching vehicles available sooner than it 
appears that satellite payloads for detection can be developed. 

With respect to the satellite vehicle itself, suitable radio communica- 
tion, tracking and control links, together with their space power 
supplies, have been developed and are being tested in Pioneer V. 
Devices for storing data and playing it back on command are in use. 

The temperature control system for Pioneer V is functioning per- 
fectly. Techniques for building lightweight satellite structures are 
available, together with the means for properly stabilizing the satel- 
lites in orbit. Designs for instruments to detect the basic signals from 
a nuclear explosion have been proposed by Drs. Panofsky, Bethé, 
Latter, and others. 

Development of these sensing instruments and the electronic 
analyzer which will discriminate between the signals from a nuclear 
explosion and the natural radiation in space must be accomplished. 
Then detection instruments, analyzer, data storage, communication 
link, stabilizing system, temperature control system and surrounding 
structure must all be carefully integrated into a total satellite vehicle 
system matched to the launching vehicle. 

Flight trajectories must be worked out to place the satellite in the 
proper orbit while adhering to the requirements of range safety. 
Tracking and receiving stations must be established at appropriate 
points around the earth to command the satellite and receive its data. 
These must be suitably connected to a central command center and a 
data processing and analysis center must be provided to interpret the 
satellite’s output. 
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Fortunately, the Air Force is currently establishing under other 
programs a worldwide network of tracking stations of the type 
necessary to serve nuclear detection satellites. Thus, the technology 
and procedures for creating a nuclear detection ground system will 
exist in the near future. 

Work on other U.S. space programs sponsored either by the Air 
Force or the NASA is providing subsystems and technology as out- 
lined previously for all aspects of the satellite vehicle except the basic 
nuclear signal detectors and the signal analyzer. Availability, there- 
fore, of a first exploratory nuclear detection satellite is limited tech- 
nically, first by the availability of the detectors and the associated 
analyzer, and secondly by the time to integrate these units together 
with the storage system, communication system, power supply, 
temperature control system, and stabilization system into a total 
satellite vehicle. 

This time is sufficient for procurement of launching vehicles. 
Launch-stand availability does not appear to pose a problem for the 
initial exploratory satellites. It will, of course, depend upon the 
number of other space launches planned and the relative priority 
assigned to the nuclear detection program. 

Before closing, I would like to insert a word of caution so that the 
preceding statements on satellite vehicle development will not be 
misinterpreted. There are important questions as to the effectiveness 
of satellite-based systems for the detection of nuclear explosions at 
high altitude which can only finally be resolved by measurements of 
the natural radiation in space and testing detection system compo- 
nents in this radiation environment. 

I wish to make it clear that our present concept of a satellite detec- 
tion system assumes certain things about this natural radiation. 
Only after this background is known and experience is gained from 
testing detection equipment in it can we accurately assess the effective- 
ness of any satellite system proposed. Hence, my statements on the 
ability to create and launch satellite vehicles of the presently conceived 
tvpe while certainly encouraging, do not automatically insure that 
doing so will give us an adequate capability for detecting nuclear 
explosions in space. I am sure that Dr. Taschek and others will 
expand on this point in their testimony. 

This concludes my prepared statement on the matters related to 
satellite vehicle requirements for nuclear detection systems. I would 
like to thank you for this opportunity to present my views on this 
subject and to again express my willingness to appear before your 
committee in the future. 

Mr. Chairman, I have a few informal remarks which I think might 
add to the testimony as to what the present situation is on nuclear 
testing and detection. 

Representative Hotirietp. Proceed. 

Dr. Lronarp. I believe that Dr. Panofsky, in his testimony, showed 
information on the ranges of various detections systems for detecting 
high altitude nuclear explosions. I would like to show this kind of 
information on a different scale; namely, on the scale of solar system 
distances. 

I think it helps to put the true detection situation in its proper 
perspective. First of all I have taken some numbers from the report 
of the working group in Geneva, TWGI, and scaled them up to ranges 
for the various detection techniques for a 1-megaton device. 
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I have used a megaton here because I think it is clear that for very 
large-yield weapons there is a high probability that a potential violator 
would tend toward a space experiment rather than one under or near 
the earth’s surface. 

Scaling those numbers up, the implications are that a gamma ray 
detector might have a range on the order of 5 million nautical miles, 
For a neutron detector, its range would only be of the order of 2 million 
nautical miles. I think Dr. Taschek will present more recent figures 
which are somewhat larger than these but the differences do not have 
a material effect upon the arguments which follow. 

In the case of the X-ray detector, the working group stated that 
for a 10-kiloton device, the range would be several hundred million 
kilometers. I think this implies a rather large uncertainty on just 
what the range of the X-ray device will be. I have interpreted this 
situation by using two numbers, one of 500 million miles range and 
one of 5 billion, which I think brackets the present theoretical under- 
standing of the range of the X-ray detector. 
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Nuclear Detection Ranges and the Pioneer V Orbit 


In the figure shown here I have attempted to show the earth’s 
orbit around the sun, with a diameter of the order of 160 million 
nautical miles. If we place a circular dot around the earth of a radius 
5 million miles, which appears to be somewhere near the upper limit 
of all the detection ranges for other than the X-ray device, we see 
that the ranges of all other detection systems are quite small as com- 
pared to the diameter of the earth’s orbit around the sun. 

On the other hand, for the X-ray device, the theoretical predictions 
are that it can see a nuclear explosion at a distance as great as 3 to 
30 times that of the diameter of the earth’s orbit around the sun. 
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So you see there is a tremendous difference implied here between the 
X-ray detection capabilities and all others. 

Now, to place this in its proper perspective, I have shown here also 
the orbit of Pioneer V, which is presently in orbit and sending data 
back to us. Its orbit is such that at 3 weeks it reaches a distance of 
about 4 million nautical miles from the earth. At 7 weeks, 8 million 
miles; 11 weeks, 18 million, and finally, at about half a year it will 
have reached 85 million nautical miles distance away from the earth. 

Representative DurHam. Would that X-ray statement be true if 
you had an underground explosion at 1,000 feet underground? 

Dr. Leonarp. No, sir. 

Representative Duruam. This applies only to satellites and explo- 
sions in the air? 

Dr. Leonarp. In space. As a matter of fact, in air the range goes 
down tremendously due to the attenuation of air. 

Representative DurHam. It would not apply to underground de- 
tection? 

Dr. Leonarp. These ranges are only good for satellite-based devices 
and for a nuclear explosion in space. 

I think the importance of this situation is this: While many differ- 
ent detection techniques have been proposed for detecting high alti- 
tude nuclear explosions, the present space technology implies that a 
potential violator need wait only a matter of a few weeks before he 
has to contend with only one type of detector, namely, the X-ray 
detector. 

Furthermore, a limited amount of shielding studies, where one 
postulates placing a shield around the nuclear device, indicates that 
only a special type of X-ray detector can function reasonably well 
against a shielded explosion. ‘That type of X-ray detector has not 
yet been built nor flown in the environment in which it must operate. 

Representative Hotirietp. Would a shielded device automatically 
reduce its output of information with present detecting equipment? 

Dr. Leonarp. I think in Dr. Panofsky’s testimony he indicated 
that a shield might reduce the range of detectors by about a factor of 
ten. 

Representative Hottrretp. Does it shield the type of information 
you might want from a test? That is the point I am making. 

Dr. Leonarp. From the potential violator’s standpoint, he puts 
his detection instrumentation on the side where it is not shielded so 
that he obtains the information he is after. He orients the shield so 
that it reduces the radiation only in the direction of the nuclear explo- 
sion detection system. So now it is a question of whether the detec- 
tion system detects the signal at all. If the signal is detected, pre- 
sumably the system will have enough capability in the detector to 
determine whether it was a nuclear device or some natural phenome- 
non. So I would say from the detection standpoint it does not nec- 
essarily degrade the information. It is just a question of whether you 
receive it or not. 

Representative Hosmer. You said this device has not been created 
yet or tested. How long would it take to create such a device? 

Dr. Leonarp. | think that is a rather difficult question since the 
detection device which has been proposed by Dr. Panofsky requires 
some basic research and development. 
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Representative Hosmer. Then there is a period of years when test- 
ing could be carried on in space without detection? 

Dr. Leonarp. That is true. 

Representative Hosmer. With a 100 percent chance of being un- 
detected. 

Dr. Leonarp. That is right. It is really no trick at all to run tests 
outside of the X-ray detection circle shown in the figure. 

Representative Hosmer. Yesterday we had testimony that you 
could do it underground with a 99 percent chance of not being detected. 
This is an even more loose area. 

Dr. Leonarp. That is right. I think, however, that was predi- 
cated upon getting a certain capability in these ground networks. 

Representative Hosmer. They would have to improve tremend- 
ously to get that one-in-a-hundred chance. 

Dr. Leonarp. | would like to conclude my remarks by simply 
stating that it is clear that in the area of space, detection systems are 
in much the same situation that we have been previously on under- 
ground shots, namely, we are relying upon the development of a new 
device to detect nuclear explosions at great distances from the earth. 

The uncertainties in just what the ultimate effectivity of this 
detector will be are such that it is not clear what the final capability 
of a space detection system will be. The only way we can make it 
clear is through a vigorous research and development program. 

Because of this situation, I think you can see that we must pursue 
not only R. & D. in the underground phase, but simultaneously on 
the problems of detecting high altitude nuclear explosions. Other- 
wise, we will be in the position of having closed the front door of the 
barn but left the back door open. 

Representative Houtirretp. The cost of this particular type of re- 
search and development, of course, is beyond your comprehension at 
this time? 

Dr. Lronarp. We have done some work in this area and I think 
Mr. Beyer will present some information on it. 

Representative HoLirreLp. I am not sure you answered a question 
on the time it would take, so I will ask it in a different way. How 
long would it take to set up the first test to determine the ability to 
detect nuclear weapons in outer space? 

I am talking about a calibrated shot. 

Dr. Leonarp. If I understand your question correctly, sir, I think 
it implies that a nuclear test is required to check out a nuclear detec- 
tion system; is that correct? 

Representative HoutirreLp. It might be. Otherwise it would be 
an extrapolation from a chemical test. There is no prohibition against 
having chemical tests in the atmosphere that I know of. 

Dr. Leonarp. I think among many people who have looked at this 
part of the problem there is a feeling that this system might be set up 
with a reasonable understanding of its capability without running a 
nuclear test. 

Representative Houirretp. There is no present prohibition that I 
know of against any kind of chemical test in the atmosphere. 

Dr. Leonarp. The chemical tests would be useless in providing 
information on the capability of this system, since it is predicated 
only upon measuring nuclear radiations. 
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Representative HotirieLp. You are talking about a system. But 
the reason for developing this type of a system would be to have a 
surreptitious or concealed test of a nuclear weapon. 

Dr. Leonarp. I think probably we are talking about two different 
aspects. 

Representative Hotirietp. Your X-rays and your neutrons and 
your gamma rays will come from a nuclear explosion and you would 
have to have that kind of explosion in order to test detection instru- 
ments of that kind. You could not get it from a chemical explosion? 

Dr. Leonarp. This is true. 

Representative Houirrevp. If you are talking about putting a satel- 
lite there, surely you can do that. We are doing that anyway. I am 
talking about tying up an orbiting satellite with a nuclear explosion 
and nuclear detection instruments. 

Dr. Leonarp. I see. Let me state what probably would be two 
different points of view on this particular subject. 

One is that there is sufficient knowledge on the radiation sources 
which come from a nuclear weapon to assess the capability of a nuclear 
detection system by placing it in space and finding its response to the 
natural background. 

This is one point of view. The other point of view is that ultimately 
one would want, after having set up a detection system, to fire—— 

Representative HouirreLp. Let me understand this first point. 
What you are saying is that there are enough neutrons and cosmic 
rays and so forth in space on a natural basis for vou to test a detection 
instrument; is that right? 

Dr. Leonarp. | think perhaps I will have to amplify that statement 
just a little bit. 

The range of a given type of detector is broadly a function of two 
things; namely, the amount of radiation that comes from the weapon 
and the natural background in space. It is the same type of problem 
that has been discussed in detail here on the seismic detectors. That 
is, the question of getting the signal from the bomb high enough 
above the natural background to see it. One point of view would be 
that we have sufficient “knowledge of the radiation that comes from 
the weapon to know that part of the problem without running a 
nuclear test. The remaining problem, therefore, would be to measure 
the radiation background in space in detail and find how the detection 
equipment responds to that background, and having done that we 
would then have an acceptable understanding of the capability of 
the detection system. 

Representative Houirretp. In other words, the information you 
get from the so-called Van Allen belt and other radiation elements in 
space would give you the capability of detecting the so-called _back- 
ground radiation and recording it, and then the objective of your 
machine would be to record variations from the background, on the 
assumption that those variations were manmade and, therefore, were 
nuclear tests? 

Dr. Leonarp. Yes. 

Representative Houirretp. Do you know if there are any natural 
variations from background such as meteorite explosions and other 
types of explosions in space which might affect your detection instru- 
ments intermittently, and, therefore, introduce an element of con- 
fusion into your assumption that a variation was necessarily a 
manmade nuclear explosion? 
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Dr. Leonarp. This is certainly one of the basic problems that 
face us today. 

Representative Hoitrretp. We know on a seismograph we have 
background noise. We have had testimony that in order to avoid 
additions to the natural earth noise, such as that made by trucks or 
railroads or factories and that sort of thing, it is necessary to isolate 
the battery of seismological instruments. 

It may well be that in outer space there are intermittent variations 
which would further complicate this matter. 

Dr. Leonarp. This is certainly true. I think there is no question 
but what we are in much worse shape as far as the knowledge of the 
backgrounds that would confront this system as compared to the 
seismic instrumentation. 

For one thing, we have never performed experiments to search for 
signals that might look like a bomb that could come from natural 
phenomena. 

Representative Hotirrevp. It is true that there are a great many 
solar explosions in space, meteorite explosions and that sort of thing. 

Dr. Leonarp. I think from a theoretical standpoint, people who 
have looked at this in detail are optimistic about being able to separate 
out bomb signals from natural phenomena. On the other hand, this 
has never been looked at experimentally. 

Representative DurHAm. Of course, it is a fact that you do not 


know much about the radiation background in that 150-million-mile 
orbit. 


Dr. Leonarp. This is certainly true. 
amount of information. 

Representative Durnam. The whole thing is theoretical. 

Dr. Leonarp. Largely. 

Representative HotirreLp. Now could we get back to my question, 
assuming that we did want to make a calibrated shot, do you have 
any idea in mind what the time period would be before we could do it? 

Dr. Leonarp. I do not think I can give a specific answer to that, 
but it is simply a matter of time to get ready for the test. The basic 
technology is available. 


Representative Hotirie.p. We will ask some of the later witnesses 
and see what their opinion is on this. 

Thank you. 

Dr. Leonarp. Thank you, sir. 


(The full statement of Mr. Donovan follows:) 


We have only a meager 


STATEMENT BY ALLEN F. DoNOVAN 
Gentlemen, I regret that due to a longstanding commitment I am unable to 
be present today to personally present my opinions on space vehicle requirements 
for systems to detect nuclear explosions in space. I have, however, prepared 
this written statement for your committee. In addition, I have arranged for 
one of my colleagues, Dr. B. P. Leonard, who has worked with me on studies of 
systems for the detection of nuclear explosions in space, to be present to answer 
questions and present such additional material as your committee may require. 
Should there be further interest in this general subject I would welcome the 
opportunity to appear before your committee at future hearings. 

For your general information, my field of technical specialization lies primarily 
in the design and development of space vehicles, particularly those aspects related 
to propulsion, structures, guidance and control, and communications. I served 
as a member of Dr. Panofsky’s delegation to Geneva with the assignment of pro- 
viding information in the satellite and space vehicle area. By training J am an 
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aeronautical engineer, not a physicist, and my present position is vice president 
and director of the Advanced Systems Planning Division of Space Technology 
Laboratories, Inc., in Los Angeles, Calif. You probably know Space Technology 
Laboratories, or STL as it is usually called, as the organization responsible for the 
systems engineering and technical direction of the Air Force’s Atlas, Titan, Thor 
and Minuteman ballistic missile programs. In the space field it was STL who 
built and launched the space probes Pioneer I, II, and V and the satellite Explorer 
VI for NASA under the management of the Air Force Ballistic Missile Division, 

I have tried to anticipate the areas of interest to you in which I might supply 
information. I believe that there are primarily two. First, the ability to con- 
duct nuclear tests in space and, second, the capability of our vehicles to install 
systems in space for the detection of nuclear explosions. Because of limitations 
of security on the capabilities of our space launching vehicles and related items, 
I will confine my remarks primarily to those items discussed at Geneva or which 
have previously been released. 

First, let me discuss the ability to conduct nuclear tests in space. Perhaps, 
with the achievements of both the Soviet Union and ourselves in space flight, 
this topic does not need clarification. However, to be sure that there is no ques- 
tion about it, let me state simply that a vehicle such as the Atlas ICBM with 
appropriate upper-stage rockets could launch a nuclear device (together with 
sufficient instrumentation and radio equipment for a test) to a velocity above 
that required for escape from the earth. Radio communication with this test 
package and tracking of it in space could be accomplished as is being done with 
the space probe Pioneer V, which is currently relaying information to us from a 
distance in excess’ of 5 million miles. When the device had reached the desired 
distance, which could be in the range of tens of millions of miles, a radio com- 
mand would separate the instrument package from the bomb. After a preset 
interval necessary to provide the desired separation, a timer would detonate the 
test device while the instrumentation recorded the pertinent data and radioed it 
back to earth. When space vehicles of the future with bigger payloads come into 
being, large weapons could be tested in space. Furthermore, part of the payload 
could be used to put a shield around the device to make it more difficult to detect 
the explosion. Shielding might also be accomplished by testing behind the moon 
for example. The Soviets have already demonstrated with their Lunik III the 
ability to go behind the moon, and their demonstrated superior payload capability 
would give them an advantage over us conducting such tests at the present time. 

Let me comment briefly on the safety problem. Many uninformed people 
have expressed concern over the possibility that the failure of a rocket vehicle 
during launch of a test device could result in a major catastrophe. I would like 
to say, merely, that it appears that the danger of such an accident producing a 
nuclear explosion in the atmosphere or on the earth can be adequately guarded 
against through techniques already developed. Therefore, let me summarize 
with the statement that testing in space is feasible even at distances up to tens of 
millions of miles and in such regions as behind the moon. 

Let me next proceed to discuss satellite vehicle requirements for space detection 
systems. The principal systems discussed by the High Altitude Technical 
Working Group at Geneva were a far-earth satellite system, a solar satellite system, 
and an Argus satellite system. In addition, a near-earth satellite system was 
discussed as an alternate to the far-earth system if launching vehicle limitations 
made the far-earth system too difficult or expensive. The far-earth satellites 
were conceived as operating in orbits from 30,000 to 50,000 kilometers altitude or 
roughly 20,000 to 30,000 miles high. The system would consist of from four 
to six satellites arranged in orbits so that the detectors would survey all the 
space below them down to the surface of the earth’s atmosphere and all space 
outward from their orbits except for the regions shielded from view by the 
moon, the sun, and other planets. To cover these regions and to assist in the 
detection of shielded explosions at large distances, the U.S. delegation pre- 
posed a system of solar satellites. The Soviet Union objected to adding these 
vehicles for detecting explosions behind the moon in spite of the fact the Soviet 
luniks demonstrated the capability of reaching this region. The Soviets took the 
position that the cost of launching solar satellites would be excessive and the 
communications problem too severe. Nevertheless, they were willing to accept 
the far-earth satellites in orbit at 50,000 kilometers. Strange as it may seem to 
those of you who have not been involved in the peculiarities of space vehicles, it 
takes a more powerful rocket system to put a satellite in orbit at 50,000 kilometers 
altitude than it does to launch one above the speed of escape into orbit around 
the sun. In either case, it requires a powerful multistage rocket system beginning 
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with an Atlas or larger size booster. Fortunately the development of space 
boosters by the Air Force and NASA will make launching vehicles available sooner 
than it appears that satellite payloads for detection can be developed. With 
respect to the satellite vehicle itself, suitable radio communication, tracking and 
control links, together with their space power supplies, have been developed and 
are being tested in Pioneer V. Devices for storing data and playing it back on 
command are in use. 

The temperature control system for Pioneer V is functioning perfectly. Tech- 
niques for building lightweicht satellite structures are available together with the 
means for properly stabilizing the satellites in orbit. Designs for instruments 
to detect the basic signals from a nuclear explosion have been proposed by Drs. 
Panofsky, Bethe, Latter and others. Development of these sensing instruments 
and the electronic analyzer which will discriminate between the signals from a 
nuclear explosion and the natural radiation in space must be accomplished. 
Then, detection instruments, analyzer, date storage, communication link, 
stabilizing system, temperature control system and surrounding structure must 
all be carefully integrated into a total satellite vehicle system matched to the 
launching vehicle. Flight trajectories must be worked out to place the satellite 
in the proper orbit while adhering to the requirements of range safetv. Tracking 
and receiving stations must be established at appropriate points around the 
earth to command the satellite and receive its data. These must be suitably 
connected to a central command center and a data processing and analysis center 
must be provided to interpret the satellites output. 

Fortunately, the Air Force is currently establishing under other programs a 
worldwide network of tracking stations of the type necessary to serve nuclear 
detection satellites. Thus, the technology and procedures for creating a nuclear 
detection ground system will exist in the near future. Work on other U.S. space 
programs sponsored either by the Air Force or the NASA is providing subsystems 
and technology as outlined previously for all aspects of the satellite vehicle 
except the basic nuclear signal detectors and the signal analyzer. Availability, 
therefore, of a first exploratory nuclear detection satellite is limited technically, 
first by the availability of the detectors and the associated analyzer and, secondly, 
by the time to integrate these units together with the storage system, com- 
munication system, power supply, temperature control system and stabilization 
system into a total satellite vehicle. his time is sufficient for procurement of 
launching vehicles. Launch-stand availability does not appear to pose a problem 
for the initial exploratory satellites. It will, of course, depend upon the number 
of other space launches planned and the relative priority assigned to the nuclear 
detection program. 

Before closing, I would like to insert a word of caution so that the preceding 
statements on satellite vehicle development will not be misinterpreted. There are 
important questions as to the effectiveness of satellite-based systems for the 
detection of nuclear explosions at high altitude which can only finally be resolved 
by measurements of the natural radiation in space and testing detection system 
components in this radiation environment. B welois to make it clear that our 
present concept of a satellite detection system assumes certain things about this 
natural radiation. Only after this background is known and experience is gained 
from testing detection equipment in it can we accurately assess the effectiveness of 
any satellite system proposed. Hence, my statements on the ability to create 
and launch satellite vehicles of the presently conceived type while certainly 
encouraging, do not automatically insure that doing so will give us an adequate 
capability for detecting nuclear explosions in space. I am sure that Dr. Taschek 
and others will expand on this point in their testimony. 

This concludes my prseawed statement on the matters related to satellite 
vehicle requirements for nuclear detection systems. I would like to thank you for 
this opportunity to present my views on this subject and to again express my 
willingness to appear before your committee in the future. 


Representative Houirre_tp. Our next witness will be Dr. Richard 
Taschek, of the Los Alamos Scientific Laboratory, who will present 
testimony on the time scale for achieving nuclear detonation detecta- 
bility. Dr. Taschek is currently conducting a program for the design 
and installation of detectors in satellites. 

You are from Los Alamos. I want to apologize for holding you 


Over extra time. You were here yesterday and saw how the hearings 
were going and the delay which seems unavoidable. 
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STATEMENT OF DR. RICHARD TASCHEK,' LOS ALAMOS SCIENTIFIC 
LABORATORY, LOS ALAMOS, N. MEX. 


Dr. Tascuex. That is quite all right. It is a pleasure to be able to 
report to you. 

I did really have two portions to discuss which I will combine into 
a single one. One of them is the problem which has been discussed 
to some extent by Dr. Leonard; namely, the actual detection problem 
itself as it has presently been studied in a study already referred to 
made jointly by AEC, NASA, and ARDC (Air Research and Devel- 
opment Command). 

I would like, therefore, to put into the record my comments on an 
approach to the problem of detection of nuclear detonations in free 
space. (See p. 363.) I would like to preface this by saying that I 
think it is clear from all the discussions that we have heard on the 
seismic problem that at any particular instant one does have a detec- 
tion or surveillance capability in the high-altitude field as in the seismic 
field. 

Of course, that capability may be zero, but there will be one which 
can be defined approximately, and I think one of the main functions 
of this meeting has been to try to define what at this particular instant 
is the surveillance capability. 

This is one of the points to which I wish to address myself. 

The identifying radiations from a nuclear detonation may be quite 
varied and large in number. In addition, the field or the medium in 
which the detonation takes place generally has an interaction with 
these radiations which can also be used for detection. 

In the discussion, it will be assumed that the detonation takes place 
in field free space; namely, beyond about 10 earth radii and the detec- 
tion methods under investigation here are based on earth satellites 
in orbits which are optimized for detection of detonations at distances 
which are normally beyond the trapped radiation belts. 

A careful study of various detection methods and their applications 
under the conditions described leads one to the conviction that 
direct detection of the principal bomb radiations; namely, the X-rays, 
the gamma rays and neutrons, will give the best indication of a nuclear 
detonation. 

This conviction is determined in part by the rather high degree of 
development of detector technology for these radiations and the high 
degree of predictability of the time history, intensity and spectral 
properties of X-rays, gamma rays, and neutrons emitted; namely, 
this is a question of predictability as Dr. Leonard already mentioned. 

Other practical and well-understood methods of detection, such as 
the Argus effect and the fluorescence excitation of the earth’s atmos- 
phere, will not be discussed here primarily because their maximum 
range is more limited than for the methods described. 

However, I would like to refer detailed questions on some of these 
other methods to Dr. Latter, if the committee should feel so inclined. 

1 Born, Chicago, Ill., June 15, 1915. 


Degrees: B.A., University of Wisconsin, 1936; M.S., University of Florida, 1938; Ph. D., University of 
Wiseonsin, 1941. 

Past Chairman of the Atomic Energy Commission’s Nuclear Cross Section Advisory Group. Past 
Chairman of the Atomic Energy Commission’s Tripartite Nuclear Cross Sections Committee. Present 
Chairman of the Atomic Energy Commission’s European-American Nuclear Data Committee. 

Fellow: American Physical Society, American Association for the Advancement of Science. 

Staff member: Los Alamos Scientific Laboratory, 1943 to present. 
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At any instant the extreme detection range with a particular de- 
tector is likely to be determined by interfering natural backgrounds 
of one or more kinds. These may be steady, slowly varying, or, 
worst of all for our problem, pulsed with a signal duration similar to 
that expected from nuclear detonations. 

Such expected interference implies early studies of background at 
the expected orbital distances with a priority determined largely by 
the properties of the prototype detection devices to be used in later 
stages of such a program. 

The existence of the regions of high intensity trapped particles 
surrounding the earth places a criterion on the orbits at which the 
satellites may be flown; namely, the measured intensities already 
observed force the detection satellites outside the trapped radiation 
zone beyond about 30,000 nautical miles. 

The problems which are connected with electronic logical decision 
making elements which have to be aboard the satellite are very 
complic ‘ated indeed, because of the requirements which are placed on 
them by the information coming out of the detectors. The complica- 
tion of this part of the information chain is so great that considerable 
effort must be expended to design and construct the logic elements 
with a preassigned reliability which is commensurate with the data 
requirements. 

I am saying here that it is not even possible to go in and repair 
equipment which has failed as in seismic stations, but you have to 
know ahead of time that nothing will happen to the equipment for 
some particular length of time. 


APPROACH TO THE PROTOTYPE DETECTOR SYSTEM 


An overall approach considered to be the most expeditious for solu- 
tion of the problem at hand on a time scale which may be considered 
as one of reasonable deliberation is the following: 

First, there should be a three-pronged, approximately parallel attack 
on some preliminaries considered a necessary preparation for the full- 
scale experimental satellites. Thus, it is considered highly desirable 
to have, in addition to low and high altitude background measure- 
ments, low and high altitude probe and piggyback flights intended 
to test instrumentation problems on the one hand, and preprototype 
development plus actual measurements of their responses to back- 
ground radiation on the other. 

Most of the necessary parameters leading to success in the first 
experimental satellite should have been given an initial fix during 
these early flights. 

Following these preliminaries, it is believed that after placing three 
experimental satellites in orbit, the requirements for a successful 
prototype surveillance system should have been met. 

I would like to emphasize that this is not an operational system but 
& prototype system. 

The detectors used would be designed around predictable nuclear 
radiations and known technologies for sensing these radiations. 

Provision would be made to “uniquely identify nuclear detonations 
by the time history of the signals on one or more detection schemes 
with a negligible false alarm rate. 

Provision would be made for advances in detection science and 
technology. A criterion which is used in the Geneva report is a false 





352 NUCLEAR WEAPONS TEST BAN CONTROLS 


alarm rate of one per hundred years. This does not mean a spoofed 
false alarm rate, but one which is due to natural background about 
which we can do very little, or nothing. 

Representative Barrs. Is this the prototype you expect to take 2 
years to develop and have ready for launching? 

Dr. Tascuex. This is the prototype, the first satellite we expect 
we could have ready in a period of 2 years. 

Now for the conceptual surveillance satellite: 

In order to establish the contents of the first experimental satellite, 
we will find it useful to discuss a conceptual surveillance satellite first, 
in order to determine a frame of reference within which to work. In 
the following discussion, the reference bomb is a nominal, un- 
shielded 10 kiloton device. 

At high specific yields the X-ray signal is emitted in 5-10 < 107° 
seconds. 

At low specific yields the X-ray signal is emitted in about 10~° of a 
second or longer. 

Prompt gamma rays are emitted from a few x 107* seconds to 
10~® seconds. 

Delayed gamma rays appear in ~1 second. 

Neutrons are spread out as long as 2,000 seconds depending on 
distance, since at 1 Mev. they travel 14,000 kilometers per second. 

I might point out that neutrons are considered to be of interest out 
to about 2,000 seconds of observation. Note a one-million volt 
neutron travels only 14,000 kilometers per second, which means that 
the flight time is of considerable importance. 

The neutron detector is the first one which I will discuss. The 
simplest device is the neutron detector consisting of either BF; 
counters or Li I scintillation crystals immersed in a plastic neutron 
moderator. A nuclear event is recognized by the fact that the neutron 
background count is exceeded by a predetermined amount and that 
one or both the other detection methods to be described have triggered; 
from this event on, the arrival time of neutrons is measured in loga- 
rithmic time intervals from ~1 second to ~2,000 seconds, giving 
both a total yield and distance from the time history. 

Under “no alarm” conditions, background is continuously monitored 
and transmitted; under alarm conditions, determined either by a 
photon trigger or by intensity exceeding a threshold, the logarithmic 
time scan goes into operation through a storage unit. 

Representative Houir1eLtp. I am going to ask you the same ques- 
tion as Dr. Leonard. Are there phenomena in space which might 
trigger this alarm system? 

Dr. Tascuex. We do not know for sure, but in the case of neutrons 
we suspect very strongly that it will be one of the safest from back- 
ground radiations. A reason for this is that neutrons coming from 
the sun take a long time to get here. A neutron decays into a proton 
and electron with a half life of about 10 minutes. Therefore, low 
energy neutrons are very unlikely to ever reach the earth. 

There will, however, be neutrons made in the satellite itself by ener- 
getic primary cosmic rays. This will be one of the things which will 
have to be determined in early flights of both probes and of the initial 
satellite itself; namely, the background rate. 

Representative HoLirieLp. Are neutrons emitted by a meteorite 
explosion somewhere between the sun and the earth? 

Dr. Tascuex. I think this is exceedingly unlikely. 
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Representative Houirietp. Is there any other phenomenon which 
takes place which causes an outflow of neutrons? 

Dr. Tascuek. It is quite likely that neutrons are born on the sun 
and that some of them do get out. In order to see them, they would 
have to be very, very energetic particles and we do not expect to see 
primary neutrons. 

If we were down deeper in the atmosphere we would see secondary 
neutrons and, indeed, these are seen. 

Representative Hotirietp. Could you not see primary neutrons 
from the sun just the same as from a nuclear device? 

Dr. Tascuek. It is unlikely, because they die before they get to 
the earth unless they have almost billion-volt energy. 

Representative HouirreLp. I am not talking about getting to earth. 

Dr. Tascuek. Excuse me; by earth I meant a satellite about 100,000 
miles or so from the earth. In fact, there are more neutrons at 50,000 
feet than there are likely to be at 100,000 miles. I might point 
out here that neutrons are possibly the most predictable of all the radi- 
ations and also of the effect that we will get from background. 

To continue, although the range is limited to about 310° kilom- 
eters, approximately moon distances, anticipated backgrounds are 
small, the device is simple and could indeed be put into the first 
satellite in an essentially ‘“‘ready’”’ condition. 

Gamma rays: A conceptual gamma ray detection system is made 
up of 6 100 cm? area plastic scintillators, each mounted on a 2-inch 
photomultiplier and shielded by Pb and Be against bremsstrahlung ! 
and protons with energies greater than ~25 Mev. 

The criterion for a nuclear event would be the occurrence of a 
gamma ray coincidence within a time interval of ~3X107* seconds. 
An additional requirement would be that seven Geiger counters 
distributed throughout the satellite not be discharged coincidentally 
since this could arise from a local cosmic ray particle shower. 

lhe detection range with a satisfactory false alarm rate is approxi- 
mately 310° kilometers, roughly 3 million kilometers. With a higher 
false alarm rate, but corroborating signals, appreciably greater ranges 
are possible. 

This is a factor of 10 more than what we feel the neutron detection 
capability might be as expressed in terms of range for a 10-kiloton 
bomb. It is about 300,000 kilometers for the neutron detector and 
about 3 million kilometers for the gamma ray detector. 

I will now discuss X-ray detectors. 

Great emphasis is placed on the use of X-rays as probably the best 
detectable radiation since as much as 50 percent of the total energy 
of a nuclear detonation is free space appears as high temperature 
radiation, that is, soft X-rays. 

A conceptual X-ray detector unit for initial consideration is a thin— 
16 mil—plastic phosphor covered with Be windows on a 2-inch photo- 
multiplier tube. Four such detectors form a ‘clutch’ and eight 
clutches are used to cover the total solid angle available. 

The simplified criteria to be met by an “alarm’’ signal would be: 
(a) a fixed threshold signal level must be exceeded in at least three 
out of the four counters in a clutch; and (6) the decay time of the 
signal must have a shape appropriate to a bomb signal. 

1A German word meaning literally “braking radiation,’’ denoting the process of producing an electro 


magnetic radiation (cr the radiation itself) by the acceleration of a fast charged particle, such as an electron, 
undergoes when it is deflected by another charged particle, such as a nucleus. 
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I think you recognize here a simplicity in some senses over the 
seismic detection in that we do know, as Dr. Leonard has already 
pointed out, a great deal about the shape, the time dependence or 
history or ‘“‘signature”’ of a signal coming out of a bomb. 

The detection range of Scintex under the criteria already set forth 
is about 310° kilometers, that is, roughly solar orbital distances. 
This device is, however, particuarly sensitive to the interposition of a 
shield around the bomb which reduces not only the X-ray yield, but 
more unfavorably, reduces the temperature and, therefore, the spec- 
trum of the radiation below the sensitive region of the fluor with its 
Be windows 

To overcome such shielding countermeasure effects, Dr. Panofsky 
originally proposed the use of an open photomultiplier system which 
would be sensitive to X-radiation of much lower energies. Under 
these conditions even shielded nuclear detonations could be detected 
at extreme ranges. 

Those ranges will, however, be dependent upon the precise action 
of the shield which in turn will depend upon the design of the shield. 

Detectors of this kind under the name of Panex are being designed 
and tested, but because of their great sensitivity to many kinds of 
radiation, including low energy particles, they require much more 
study of their properties than the other types discussed. 

Recently there has been a great deal of development work in the 
area of solid state detectors and these are being pursued very actively 
and show considerable promise. 


THE FULL-SCALE EXPERIMENTAL SATELLITE 


In line with a deliberate approach to a final operational surveillance 
system, carefully thought out prototype satellites have been con- 
sidered. Thus, a possible first satellite payload contains devices 
which are considered to be a first step in that direction; namely, 
portions of the above discussed conceptual detection schemes would 
be flown under test conditions in which further detailed information 
would be provided by so-called support experiments. 

In particular, these support experimental devices would be time 
correlated with the prototype detection units and with other phe- 
nomena; for example, solar events in order to determine the preproto- 
type response characteristics to the details of background events. 

I think this is the question that the chairman asked about the effect 
of events in space which vary in time. These are known to occur, 
but we do not really have enough information on them. 

This kind of information would then allow both operating charac- 
teristics to be changed—for example, by command—or design changes 
to be made in later models. 

In addition, information would become available on such parameters 
as the fraction of time that a particular range capability existed aver- 
aged over the lifetime of the system. 

Later satellites would progress in the direction of less support 
experimentation and the extension of Gamex and Scintex toward the 
full systems. One would hope, therefore, to progress toward greater 
simplicity and more reliability in later satellites than in the first. 

It is worth while mentioning here that the first satellite would have 
a logical decision system which would either transmit the ambient 
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background data through a commutated, but otherwise continuous, 
data transmission system or, when an appropriate alarm signal ap- 
peared, switch to an alarm channel which would store the alarm data 
in a memory for later transmission as Many times as interrogated. 

A logical decision system is made up of many components which 
collectively allows prediction of a mean lifetime for the detection 
system. It would probably be necessary that the design be so 
adapted that there be a 90-percent probability of obtaining a 3-month 
lifetime for data reception. 

The data from the detectors would be processed in the logics and 
then transmitted to the ground in digital form. On the ground, the 
data would be recorded on tape and sent to a central data handling 
laboratory for reduction. In some cases, particularly early in lifetime 
of the satellite, the data would be used to provide new commands for 
detectors or other elements of the satellite. 

Below, I have, according to your instructions, shown a schedule 
and costs under a set of conditions which I felt were the ones indicated 
in the agenda. I think that these will in part at least agree with 
comments which I believe you will get from Mr. Beyer. 

The schedule below shows approximately how the payload costs for 

program leading to three successful satellites might be distributed 
exclusive of any launch rocket, ground communication or systems 
engineering charges. It is presently believed that under the most 
pessimistic assumptions 11 payloads would have to be fabricated for 
3 successful launchings. 





} | Probe and | Detector Payload 





| Number of | piggyback | develop- logics Data 
Fiscal year payloads experi- ment and power reduction Total 
ment construc- and 
tion telemetry 











Millions | Millions Milli Millions 
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I would like merely to point out that what is discussed in the table 
is restricted to the satellite itself and has nothing to do with the 
problem of launching the satellite or with the ground communication 
system. 

Representative HotirreLp. Let me understand you. The satellite 
itself is considered here and not the propulsion vehicle? 

Dr. Tascuex. Not the propulsion vehicle. 

Representative Houirietp. Nor the ground crew, nor the teleme- 
tering communication system? 

Dr. Tascuex. The telemetering in the satellite is considered but 
not the ground installation, namely, the reception of the telemetered 
signal. 

Representative HottrieLp. Which would have to be several places 
on the earth’s surface. 

Dr. Tascuex. This is a worldwide net. I think under time scale 
I have just mentioned briefly that it is understood that the presently 
established worldwide net for space communications can be used with 
essentially minor additions. 
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Representative Ho.irie._p. I was going to ask you if the present 
satellites that are being launched that are sending back information 
to the earth are obtaining any of this data that you refer to here? 

Dr. Tascuex. The most important piece of data which might have 
been gotten from Pioneer V unfortunately was lodged in an experi- 
ment which got thrown off of Pioneer V at the last moment. In the 
sixth satellite which Dr. Leonard discussed, there was a great deal of 
data obtained on the compositions in energy and number of the great 
radiation belts. 

In fact, it was as a result of these data that the final orbits for the 
far-earth satellites were chosen to be out almost twice as far as we had 
originally assumed might be necessary. 

Representative Houirretp. Do you have plans at this time for any 
devices in satellites which are now being planned to obtain any of this 
information? 

Dr. Tascuex. Yes. We have underway discussions with NASA 
and we have planned vehicle flights piggyback on Atlas missiles, and 
we have flights planned which are to go just to the outer edge of the 
radiation belt in probes of some future NASA and ARDC flights. 

Representative HouirieLp. So this information will be coming in, 
you might say, automatically but not on a priority basis 

Dr. Tascuex. It will not be coming in automatically because 
normally the information that we require is not very exciting to the 
people who are doing pure, undirected research. 

Representative Hoiirietp. How much money is involved in your 
study? 

Dr. Tascuex. In the part of the studies which have to do with 
what we were discussing a moment ago, namely, these preliminary 
measurements, | think you will see under probe and piggyback experi- 
ments a column which lists four-tenths of a million dollars per year in 
1961, 1962, and 1963. 

Representative Ho.uirrerp. Does that mean that it is already 
started or it is planned to be started? 

Dr. Tascuex. This program has started on a catch-as-catch-can 
basis. It is being done by diversion. 

Representative HouirieLp. Part-time work of different individuals? 

Dr. Tascuek. Part-time work and by getting onto other people’s 
rides, and so on. 

Representative Houtirrietp. You are hitchhiking at the present time? 

Dr. Tascuexk. Mostly we are hitchhiking; that is right. 

Representative Hotirretp. How many people are working in your 
group? 

Dr. Tascuex. At Los Alamos Laboratory there are presently about 
25 staff, with otherwise normal laboratory support. 

Representative Houirievp. Is this full-time or part-time? 

Dr. Tascuek. This is full-time. At the Sandia Laboratory which 
is concerned with the problem of developing the logics, a very difficult 
problem indeed—this is the electronic decision making elements—I 
believe they presently have about 30 people also. If we proceed in 
this direction they will have to increase their effort in the area, 

Representative Houirretp. Mr. Durham? 

Representative DurHam. Doctor, what you are really talking about 


here is 1962, the one that will carry a payload of 6%o and will cost 
$8.8 million. (See table, p. 355) 
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Dr. Tascuex. Excuse me. I was referring to column 3 labeled 
“Probe and Piggyback Experiments.” 

Representative DurHam. I say, really the one you are describin 
here and the one that would pay off in all of these far distances woul 
be the fiscal year 1962? 

Dr. Tascuek. Yes. The satellites certainly begin to be the major 
expenditure in 1962. 

Representative DurHam. I notice you have a lifetime expectancy 
on that of 3 months for its use. 

Dr. Tascuek. That is about all we expect from it. 

Representative DurHAaM. That means a fourth of a year, and in 
4 years it would amount to about $36 million. 

Dr. Tascuek. In this program, as it has been laid out in the triple 
working group which just finished its study, it was assumed that the 
answer would have been obtained to the question of how do you set 
up a surveillance system after three successful experimental satellites. 

In order to get those three experimental satellites, it is likely that 
under the worst conditions we would have to launch nine. 

Representative DurHam. Do you have any direct appropriations 
for the program you are carrying on at the present time at all? 

Dr. Tascuex. There is none. 

Representative Durnam. Has anybody requested any? 

Dr. Tascuek. I believe we have requested support through the 
Atomic Energy Commission. Otherwise the program, as a unified 
program, has only been established through this triple analysis provid- 
ing a development and funding plan. I believe that Mr. Beyer will 
speak to that. 

Representative DurHam. I gather from your statement that it 
seems to be pretty well scattered around in different directions. 

Dr. Tascuex. This is certainly true. 

Representative DurHam. What is your opinion? Would you feel 
better if it was consolidated in some form with direct appropriations 
for specific projects? 

Dr. Tascuex. The problem, in my opinion, falls into three fairly 
nicely defined areas. One of them is the detection devices, plus their 
associated electronics. We might say that the satellite which finally 
flies is a unit that is separable. 

On the other hand, another easily defined category is the rocket 
vehicle required to launch that unit. 

Representative DurHam. Of course, this is a complicated field. 
We al know that, although it is a very important one. I have said 
that many times in regard to the political propaganda going all 
around the world. If you do not care to answer this a not do it. 

How do you feel today we compare with the Russian system in this 
field? If you do not care to answer, you do not have to. 

Dr. Tascuex. You mean in this detection business? 

Representative DurHAM. Yes. 

Dr. Tascuek. From satellites? 

Representative Durnam. From satellites. 

Dr. Tascuex. My feeling, not backed by very much real informa- 
tion, is that we probably lag quite seriously in the capability, for 
launching satellites. 

On the other hand, I think if we can get a satellite launched that 
we can probably make a much better one than they can. 
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Representative Duruam. That would be 2 years from now, at the 
best? 

Dr. Tascurnk. Might I discuss some questions on the time because 
this might answer Mr. Durham’s question? 

Representative Houir1etp. Very well; you may proceed. 

Dr. Tascunx. The problem on the time scale, I believe, is the 
following. The program which has ‘‘due deliberation,’ with quota- 
tion marks written about it, and is covered in the development and 
funding plan, will certainly require 2 vears to reach a point of first 
satellite launch. On the other hand, we do have some kind of a 
limited capability at any instant in the seismic business and it prob- 
ably would make some sense to have some limited capability, and we 
must understand that it is limited, for detection of nuclear detonations 
in space. 

It is possible, I feel, to provide such limited capability in several 
ways. I might state that one of them is a ground-based one, which 
has to do with detection of fluorescence radiation from the atmosphere. 

1 think you heard this mentioned by Dr. Graves yesterday. It has 
a potential range at this same tonnage that 1 mentioned of something 
like moon distances. It will be smaller or larger, but this will depend 
finally on further research. 

Representative Hosmsr. Referring to what? 

Dr. Tascuex. Of, say, moon distances. <A range of up to 250,000 
miles from the surface of the earth. 

Representative Bares. Doctor, you indicated in response to a ques- 
tion of Mr. Durham, of our shortcomings relative to Russia in respect 
to launching. I presume you meant thrust and propulsion. 

Dr. Tascuek. Yes. 

Representative Barres. What is the weight of one of these which 
would indicate we are short in this particular field once you devise a 
vehicle? Is that a real heavy job? 

Dr. Tascuek. The devices which we have discussed for a large 
number of technical reasons probably require that the Atlas Agena-B 
rocket-launching devices be used in order to put a total payload of, 
let me say crudely, 400 pounds into orbit. 

Representative Barres. Then there is no shortcoming. 

Dr. Tascuek. We do not have a shortcoming under these con- 
ditions. 

Representative Barres. And doing the job which you want to do. 

Dr. Tascuek. That is right. 

Representative Batxs. The answer to the question was outside of 
the orbit of our particular concern now. 

Dr. Tascuek. | think so. 

Representative Barres. Then you are talking about a 2-vear period 
in the future, which is quite another matter, too. 

Dr. Tascuek. That is right. 

Representative Bares. How many of these satellites would you 
expect to eventually have in orbit once you have this program under- 
way? 

Dr. Tascuek. You are discussing now an operational system? 

Representative Bares. Yes. 

Dr. Tascuek. | think an operational system is felt to be satisfied 
if we restrict it to the far-earth orbits with six satellites simultaneously 
in orbits. 
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Representative Bates. This is 24 a year. 
Dr. Tascuek. This is likely to be a 24 a year, provided we cannot 
improve reliability. It may be that reliability can be improved. In 
fact, this is one of the major points where one would like to have more 
weight available. 

Representative Bares. What you you expect the cost at that time 
to be? 

Dr. Tascurek. The cost of the operational system, I am sorry, I 
am not really capable of discussing. 1 think this has been guessed 
at in Dr. Panofsky’s report and elsewhere. The operational system 
so far as I know has never been very carefully studied. 

Representative Bares. By operational you mean just pertaining to 
the satellite, but not the launching and not all the ground crew? 

Dr: TascHex. No; excuse me. By ‘operational’ I mean that 
system which we are after, after some period of time in the business; 
namely of having a 24-hour-a-day, every-day-of-the-vear set of six 
satellites at far-earth orbits which will, under present conditions, have 
been replenished, as you have said, probably at the rate of a total of 
24 per year. 

Then you will have to investigate the questions of how many 
rocket flights you will require in order to launch them on the basis of 
one out of three, one out of two. How many reserve satellites you 
have; how fast you can keep this system going. We then get into the 
problem which was discussed a little bit yesterday on the seismic 
program by the last gentleman who talked. 

Representative Hotirrep. If the gentleman will yield on that 
point, you spoke of the missiles necessary to keep 24 of these objects 
in orbit. It is commonly accepted that the present cost of an Atlas 
missile is about $1 million. 

Dr. Tascuek. I am sorry; I am really incompetent in this area. 
I am sure Dr. Leonard could give you rather precise figures. 

Representative Houirretp. The other question I want to ask you 
in this: You spoke of a 3-month duration. Is it not true that the 
SNAP device is almost ready, which would give much longer power 
source in a satellite? 

Dr. Tascuek. This is quite true. I am sure that power will not 
be the failing that we will have. 

Representative Holifield. There is such a discrepancy between the 
capability of the SNAP nuclear power system and the 3 months which 
I assume is based on battery power. 

Dr. Tascuek. No; 1 am sorry. 

Representative Hotrrie.tp. Or solar power. 

Dr. Tascuex. This is one of the things which will eventually 
deteriorate. The problem of reliability which has been very care- 
fully looked at has its major factor in the some 50,000 logical decision 
elements which are mostly solid-state devices. 

Representative Ho.irietp. I see. So your reliability is really 
figured on technical apparatus outside of the power? 

Dr. Tascnexk. On the normal breakdown of resistors, transistors, 
capacitors, and devices of this kind. 

Representative Barres. What efficiency would you hope to obtain 
once this system is in operation? 

Dr. Tascuex. How do vou mean? 

Representative Bares. What is the capability of the system in 
detecting an explosion once you have it in operation? 
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Dr. Tascnex. The capability of these devices, I think, I have 
indicated in terms of range. I believe it has been mentioned and 
emphasized that at extreme range, which is like the earth’s orbit 
around the sun, that the only sure-fire detector is very likely to be the 
open X-ray detector. 

This will depend on whether we are able to in part learn enough 
about background and in part do something about it to make sure 
that that open X-ray detector can be used. There is no problem 
about detection of an unshielded bomb. Almost anyone who tries to 
beat the system and if he goes to as much trouble as going to the 
other side of the earth’s orbit will also have gone to the trouble of 
doing some shielding, because he will be very interested, indeed, in 
exploding that device in order to learn something. 

So I think that from earth’s orbits, with the 6-satellite detection 
scheme, with open photomultipliers which are not now developed but 
are in the development stage, that the chances are really rather good 
that one will detect nuclear detonations, say, above 100 kilotons or so. 

Representative Bares. What do you mean by “rather good’”’—50, 
75, 95 percent, or what? 

Dr. Tascuek. This is even much harder to predict than for the 
seismic system. In fact, this depends entirely on what your own pre- 
belief happens to be. I do not know the answer to that. 

Let me say it the other way around. I think for an unshielded 
nuclear detonation and for the devices that we have discussed, where 
you do not require the open photomultipliers, but those we know how 
to build today, that the chances are probably about 75 percent, with 
a full detection satellite system that one will detect and recognize a 
nuclear detonation in the 20 kiloton range. 

Representative Bates. Unshielded? 

Dr. Tascuex. Unshielded. 

Representative Bares. I notice in your conclusions which you have 
not quite reached, you say that you believe that the approach to this 
detection problem is a conservative one with a high probability of 
success? 

Dr. Tascuexk. That is right. 

Representative Batss. Is that unshielded? 

Dr. Tascuex. Unshielded. 

Representative Batrs. So we get right back to the same point that 
we did on the underground with decoupling. 

Dr. Tascuek. Precisely. There is always a countermeasure for 
every measure. 

Representative Hosmser. Doctor, I would like to ask you in respect 
to this time scale and cost estimate that you have made here going 
through June 30, 1965, is that on the assumption that you and the 
Livermore group are working together? 

Dr. Tascuek. This is really not on the assumption that anybody 
is working, but is based on the development and funding program 
which is a result of this joint program that has been carried out. 

Representative Hosmmr. As a result of the joint program? 

Dr. Tascuek. As a result of the joint program that we have been 
able to come up with these figures. 

Representative Hosmer. What if your group at Los Alamos worked 
along these lines and the group at Livermore took the position that 
the cost of launching solar satellites would be excessive and the com- 
munication problem too severe 
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Dr. Tascuex. If we had taken this position? 

Representative Hosmer. If Livermore had taken that attitude and 
you had retained the attitude that you have, how much progress do 
you think you would have made, or could you have made any? 

Dr. Tascuex. I think the laboratories probably could still work 
independently on taking their own particular approach. 

Representative Barres. Then assuming you worked independently 
and each arrived at some type of conclusions, would you believe that 
at that point you could get together on anything? 

Dr. Tascuek. I should certainly think on any technical conclusions 
one should be able to do so. 

Representative Batres. Even if Livermore for some reason other 
than scientific did not want to agree with you? 

Dr. Tascuek. If it is a nontechnical reason it is a matter of opinion. 

Representative Bates. They could stall it forever, in other words. 

Dr. Tascuex. Yes. Although I think there is a very interesting 
point here, that our assumption at Los Alamos has been how do you 
build detection devices? I think the really major contribution which 
came from Livermore some time ago was to point out that shields 
could be built, and then they made this very careful machine calcula- 
tion—in fact, a set of machine calculations—which indicated the 
rather precise effectiveness of shields. 

Here again | think one can point out that even those people who are 
in the detection business must also consider the countermeasures not 
merely qualitatively but as if they themselves were going to use the 
countermeasures. It is in that great detail that the problem must 
be studied. 

Representative Hosmer. This time scale and so forth, I think you 
have qualified it by saying that at the middle of 1965 you would not 
have an operational surveillance capacity. 

Dr. Tascuek. That is correct. 

Representative Hosmer. But all this goes to the foundation for an 
operational system. 

Dr. Tascuek. This was the approach. 

Representative Hosmer. Dr. Taschek, you were requested to come 
here and testify about this particular subject? 

Dr. TascHek. Yes. 

Representative Hosmer. Did anybody tell you to put a pitch on 
it one way or the other? 

Dr. Tascuex. Let me see. I think I came back from Washington 
Friday morning, and I had a letter instructing me to appear with 
75 copies of this thing on Tuesday, which meant that I had to leave 
Monday. So I did not talk with anybody except the secretary while 
I was writing this. 

Representative Hosmer. It is your own idea? 

Dr. Tascuex. This? 

Representative Hosmer. Yes. 

Dr. Tascuek. This is an abstraction—I thought I made this 
clear—and condensation of the material which is contained in the 
development and funding plan which has been submitted to ARPA 
by the three agencies under this tripartite action. 

Representative Hosmer. Did anybody in Government or out ask 
you to make detection look to the committee more difficult than it 
actually is? 
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Dr. TascHek. No. Absolutely not. 

Representative Hosmer. This is your honest answer? 

Dr. Tascuek. Yes. 

Representative HouirreLp. In other words, as well as presenting 
this summary and abstract of your study and your project planning, 
this is also your professional opinion as to the merit of the substance 
of it? 

Dr. Tascuek. Yes. 

Representative HouirreLp. Mr. Ramey? 

Mr. Ramey. Will your far-earth system detect tests behind the 
moon? 

Dr. Tascuex. The far-earth system as presently conceived with 
the detectors that are in there is likely to have considerable difficulty 
making detection behind the moon. 

Mr. Ramey. How ean you detect such shots? 

Dr. Tascuexk. I believe you will remember that Dr. Panofsky 
pointed out that the fission fragments from a bomb exploded behind 
the moon will eventually expand out so that they appear around the 
edge of the moon. I think under the conditions that he mentioned, 
where those fission fragments were unimpeded, then the detection of 
gamma rays and even delayed neutrons would be possible with the 
present detection satellites. 

I think one has to take into account very carefully, however, as to 
another countermeasure which could be the impeding of the flight of 
the fission fragments. Remember that that device that Dr. Panofsky 
mentioned will depend on the so-called delayed emission of gamma 
rays and neutrons. 

That dies off very rapidly with a half life—a variable half life—the 
longest half lives are no longer than a few seconds. The very longest 
are 55 seconds. Therefore, if the fission fragments are impeded long 
enough, and I am not sure this can be done, although I am sure it can 
be done in part by shielding, then the device which we will put up will 
not work. 

It will not have sufficient sensitivity. A quantitative analysis of 
that is very difficult. We have not made that. We are merely 
aware of the fact that one can do the detection 

Representative HotirieLtp. Dr. Taschek, we have you programed 
for further testimony at the last part of the session on the high altitude 
detection techniques. Have you or have you not covered that, or do 
you have an additional presentation at that time? 

Dr. Tascuex. No; I believe I have now covered that. I believe I 
have also covered the question of time scale. 

Representative Hosmer. May I ask one other question, Mr. 
Chairman, in connection with that time scale? 

Representative HoLiFreLp. Yes. 

Representative Hosmer. Say if by December 31 of this year you 
had to sit down and write up specifications and so forth, including the 
types and nature and functions and design of the instrumentation 
for a system which would have 75-percent chance of detecting a 
nuclear explosion in space, how much of that could on December 
31 be definite? How much of it would have to be specified only in a 
general way? 

Dr. Tascuex. If you do not mind my adding another qualification, 
and that is that the detection capability refer to a distance up to moon 
orbit or possibly somewhat beyond. 
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Representative Hosmer. To be realistic, this must detect any 
explosion at any point within the capability of being made. You 
are not going to wind up at 225,000 miles only? 

Dr. Tascuex. I think it has been pointed out there that each 
device has its own limitations. What I was going to say was that for 
this shorter range, it would be possible to come up immediately with, 
I suspect, approximately the probability that you mention, a detection 
system. 

Representative HoLiFieELp. What probability? 

Dr. Tascuex. This was a 75-percent probability. On the other 
hand, to make this same statement about sun-earth orbit distance, 
which seems to be the other distance that we talk about, that proba- 
bility, I suspect, is very low. 

Representative Hosmer. In other words, you could just draw up 
the broad outline of what perhaps it should contain. 

Dr. Tascuek. I think it would be much better than that. In 
fact, 1 think we could draw up exactly what it should contain including 
the logical decision system, because there has been an appreciable 
amount of work. 

The thing that we could not do is answer your question about the 
75 percent because we do not have enough information on back- 
ground. We do not have enough information on the effect of back- 
eround on our instruments which we would have to throw up there 
with no prior information. 

Representative Hosmer. So the design of instruments and all those 
things have to be left for later decision and agreement among whoever 
is going to do the job? 

Dr. Tascuex. No. I think our approach would be that you design 
the instruments now. You put them up there and you find out what 
happens to them. That will then tell you what the range is. It will 
also tell you what the probability is. 

Representative Hosmer. But if you were frozen to those instru- 
ments by some kind of an agreement, you would not be able to make 
the improvements that were indicated? 

Dr. Tascuex. Then we would be in trouble. 

Representative Hosmer. Thank you. 

Representative Houtrrietp. Thank you very much, Dr. Taschek, 
for your presentation, and partic ularly for staying over an extra day. 
We know it has been of some inconvenience to you and the committee 
appreciates it. 

Dr. Tascurexk. Thank you. 
(Dr. Taschek’s prepared statements follow :) 















An APPROACH TO THE PROBLEM OF DETECTION OF NUCLEAR DETONATIONS IN 
FREE SPACE 


(By Dr. Richard F. Taschek) 


The identifying radiations from a nuclear detonation may be quite varied and 
large in number. In addition, the field or medium in which the detonation takes 
place generally has an interaction with these radiations which can also be used 
for detection. 

In the discussion which follows it will be assumed that the detonation takes 
place in field-free space, namely, beyond about 10 earth radii, and that the 
detection methods under investigation are based on earth satellites in orbits 
— for detection of detonations at distances beyond the trapped radiation 
elts. 
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A careful study of various detection methods and their application under the 
conditions described leads one to the conviction that direct detection of the 
principal bomb radiations namely, X-rays, gamma rays, and neutrons will give 
the best indication of a detonation. This conviction is determined in part by the 
rather high degree of development of detector technology for these radiations and 
the high degree of predictability of the time history, intensity, and spectral prop- 
erties of X-rays, gamma rays, and neutrons emitted. Other practical and well- 
understood methods of detection such as the Argus effect and fluorescence excita- 
tion of the earth’s atmosphere will not be discussed here, primarily because their 
maximum range is more limited than for the methods described. 


GENERAL PROBLEMS AND DIFFICULTIES 


At any instant the extreme detection range with a particular detector is likely 
to be determined by interfering natural background of one or more kinds. These 
backgrounds may be steady, slowly varying or, worst of all, pulsed with a signal 
duration similar to that expected from nuclear detonations. Such expected inter- 
ference implies early studies of background at the expected orbital distances with 
a priority determined largely by the properties of the prototype detection devices 
to be used in later stages of the program. 

The existence of the regions of high intensity trapped particles surrounding the 
earth places a criterion on the orbits at which the satellites be flown; namely, the 
measured intensities force the detection satellites outside the trapped radiation 
zone beyond about 30,000 nautical miles. 

The problems connected with the electronic logical decision-making elements 
on board the satellite are very complicated because of the requirements placed 
on them by the information coming out of the detectors. The complication of 
this part of the information chain is such that considerable effort must be ex- 
pended to design and construct the logic elements with a preassigned reliability 
commensurate with the data requirements. 


APPROACH TO THE PROTOTYPE DETECTOR SYSTEM 


An overall approach considered to be the most expeditious for solution of the 
problem at hand on a time scale which may be considered as one of reasonable 
deliberation is the following: 

First, there should be a three-pronged, approximately parallel attack on the 
preliminaries considered a necessary preparation for the full-scale experimental 
satellites. Thus, it is considered highly desirable to have, in addition to the low 
and high altitude background measurements, low and high altitude probe and 
piggyback flights intended to test instrumentation problems on the one hand, and 
preprototype development plus actual measurements of their responses to back- 
ground radiation on the other. Most of the necessary parameters leading to 
success in the first experimental satellite should have been given an initial fix 
during these early flights. 

Following these preliminaries it is believed that after placing three experi- 
mental satellite in orbit, the requirements for a successful prototype surveillance 
system should have been met. 

The detectors used would be designed around predictable nuclear radiations 
and known technologies for sensing these radiations. 

Provision would be made to uniquely identify nuclear detonations by the time 
history of the signals on one or more detection schemes with a negligible false 
alarm rate. 

Provision would be made for advances in detection science and technology. 


CONCEPTUAL SURVEILLANCE SATELLITE 


In order to establish the contents of the first experimental satellite we will find 
it useful to discuss a ‘‘Conceptual Surveillance Satellite’’ first, in order to de- 
termine a frame of reference within which to work. In the following discussion 
the reference bomb is a nominal unshielded 10 KT device. 

At high specific yields the X-ray signal is emitted in 5-10 x 10- sec 

At low specific yields the X-ray signal is emitted in >10-* sec 

Prompt y-rays are emitted from a few x 10-8 sec to 10~ sec 

Delayed y-rays appear in~ 1 sec 

Neutrons are spread out as long as 2,000 sec depending on distance since at 1 
Mev they travel 14,000 km/sec. 
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Neutrons 


The simplest device is the neutron detector consisting of either BF; counters or 
Li I scintillation crystals immersed in a plastic neutron moderator. A nuclear 
event is recognized by the fact that the neutron background count is exceeded 
by a predetermined amount and that one or both the other detection methods to 
be described have triggered; from this event on, the arrival time of neutrons is 
measured in logarithmic time intervals froom~1 sec to~2,000 sec. giving both a 
total vield and distance from the time history. Under ‘no alarm” conditions 
background is continuously monitored and transmitted; under alarm conditions, 
determined either by a photon trigger or by intensity exceeding a threshold, the 
logarithmic time scan goes into operation through a storage unit. 

Although the range is limited to about 3 x 10° km, approximately moon dis- 
tances, anticipated backgrounds are small, the device is simple and could indeed 
be put into the first satellite in an essentially “ready’’ condition. 


Gamma rays 


A conceptual y-ray detection system is made up of six 100 cm? area plastic 
scintillators each mounted on a 2-inch photomultiplier and shielded by Pb and 
Be against bremsstrahlung and protons with energies greater than~25 Mev. 

The criterion for a nuclear event would be the occurrence of a y-ray coincidence 
within a time interval of~3 x 10-8 sec. An additional requirement would be that 
seven Geiger counters distributed throughout the satellite not be discharged 
coincidentally since this could arise from a local cosmic-ray particle shower. 

The detection range with a satisfactory false alarm rate is approximately 
3x10°km. With a higher false alarm rate, but corroborating signals appreciably 
greater ranges are possible. 


X-rays 


Great emphasis is placed on the use of X-rays as probably the best detectable 
radiation since as much as 50 percent of the total energy of a nuclear detonation 
in free space appears as high temperature radiation, i.e., soft X-rays. 

The conceptual X-ray detector unit for initial consideration is a thin (16 mil) 
plastic phosphor covered with Be windows on a 2-inch photomultiplier tube. 


Four such detectors form a ‘‘clutch”’ and eight clutches are used to cover the total 
solid angle available. 

The simplified criteria to be met by an ‘‘alarm”’ signal would be: (a) a fixed 
threshold signal level must be exceeded in at least three out of the four counters 
in a clutch and (b) the decaytime of the signal must have a shape appropriate to a 
bomb signal. 

The detection range of Scintex under the criteria already set forth is about 
3 x 108 km, i.e., roughly solar orbital distances. This device is particularly 
sensitive to the interposition of a shield around the bomb which reduces not only 
the X-ray yield, but more unfavorably, reduces the temperature and therefore 
the spectrum of the radiation below the sensitive region of the fluor with its Be 
windows. 

To overcome such shielding countermeasure effects, Panofsky originally pro- 
posed the use of an open photomultiplier system which would be sensitive to 
X-radiation of much lower energies. Under these conditions even shielded 
nuclear detonations could be detected at extreme ranges. Detectors of this kind 
under the name of Panex are being designed and tested, but because of their great 
sensitivity to many kinds of radiation, including low energy particles, they require 
much more study of their properties than the other types discussed. 

The recent development of solid state radiation detection devices also shows 
great promise, but requires much research and development work to be done. 


THE FULL SCALE EXPERIMENTAL SATELLITE 


In line with a deliberate approach to a final operational surveillance system, 
carefully thought-out prototype satellites have been considered. Thus, a possible 
first satellite payload contains devices which are considered to be a first step in 
that direction, namely, portions of the above discussed conceptual detection 
schemes would be flown under test conditions in which further detailed informa- 
tion would be provided by so-called “‘support’’ experiments. In particular, these 
support experimental devices would be time correlated with the prototype detec- 
tion units and with other phenomena, e.g., solar events in order to determine the 

sxreprototype response characteristics to the details of background events. This 
ind of information would then allow both operating characteristics to be changed 
(e.g., by command) or design changes to be made in later models. In addition, 
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information would become available on such parameters as the fraction of time 
that a particular range capability existed averaged over the lifetime of the system. 

Later satellites would progress in the direction of less support experimentation 
and the extension of Gamex and Scintex toward the full systems. One would 
hope, therefore, to provress toward greater simplicity and more reliability in later 
satellites than in the first. 

It is worth while mentioning here that the first satellite would have a logical 
decision system which would either transmit the ambient background data through 
a commutated, but otherwise continuous, data transmission system or, when an 
appropriate alarm signal appeared, switch to an alarm channel which would store 
the alarm data in a memory for later transmission as many times as interrogated. 

A logical decision system is made up of many components which collectively 
allows prediction of a mean lifetime for the detection system. It would probably 
be necessary that the design be so adapted that there be a 90-percent probability of 
obtaining a 3-month lifetime for data reception. 

The data from the detectors would be processed in the logics and then trans- 
mitted to the ground in digital form. On the ground the data would be recorded 
on tape and sent to a central data handling laboratory for reduction. In some 
cases, particularly early in lifetime of the satellite, the data would be used to pro- 
vide new commands for detectors or other elements of the satellite. 


TIME SCALE AND COSTS 


The schedule below shows approximately how the payload costs for a program 
leading to three successful satellites might be distributed exclusive of any launch 
rocket, ground communication, or systems engineering changes. It is presently 
believed that under the most pessimistic assumptions 11 payloads would have to 
be fabricated for 3 successful launchings. 


{Dollar amounts in millions] 


Detector Payload 
Number of | Probe and | develop- logics Data re- 
Fiscal year payloads | piggyback | ment and | power and duction Total 
experiment! construc- | telemetry 
tion 





$1.0 
1.0 
1.0 
1.0 
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CONCLUSIONS 


It is believed that the approach to the detection problem proposed is a conserva- 
tive one with a high probability of success. At the moment effective counter- 
measures most likely to be successful are shielding of the nuclear detonation, but 
the rapid development of Panex type detectors together with a recommended 
theoretical program studying the effects of properties of shields should result in 
the maximum detection range staying at a few times 108 kilometers. Since the 
program is designed to take advantage of technical advances one may expect 
actual increases in range. It is to be hoped that a parallel program of studies on 
all aspects of the detection problem may turn up still other detection methods of 
greater range and simplicity. Thus it has always been hoped that electromagnetic 
radiation could be used, but no satisfactory theory of the generation of such signals 
in free space as yet exists. 

It should be pointed out here that there is no intent to provide an operational 
surveillance capability in the approach discussed. Nevertheless, even the first 
successful satellite should have a “limited’’ capability although it might be via the: 
detection of neutrons. 
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Factors AFFECTING TIME SCALE FOR ACHIEVING NUCLEAR DETONATION DETEC- 
TION CAPABILITY 


(By Dr. Richard F. Taschek) 


There has been discussed elsewhere a “‘deliberate’”’ approach to the problem of 
providing information which would lead to an operational detection system. 
The time scale for this well thought-out plan requires about 2 years from start 
before a first full scale “experimental” satellite would be ready for launch and 
roughly 2 years more for full definition of a prototype operational unit. This 
time scale is largely determined by the complexity of the electronic decision- 
making elements if a system containing threefold detection sensors is to be used 
at maximum range and with an acceptable reliability criterion. It is further 
believed that during this period important information concerning interfering 
natural backgrounds in space can be obtained which will minimize the steps 
required to devise an operational detection system. Installation of the operational 
system might require at least 2 more years. 

If on the other hand a reasonably assured early, but possibly limited, capability 
is desired, this can be obtained from ground based atmospheric fluorescence 
detection or from satellite based Argus-effect detection and possibly other less 
well-understood phenomena. 

One should add to these the detection of neutrons from a satellite based device 
which might indeed already provide a limited surveillance in the first experimental 
satellite discussed above. It is believed likely that with the use of existing space 
communications networks, known logical circuitry for a neutron detector, a 
simplicity of the detector itself and an expected small background, a period of as 
short as 6 months might suffice for limited detection capability. It should be 
noted, however, that this method in common with the other two mentioned has 
a range of only about moon distances for a nominal 10 kiloton nuclear detonation. 

The ground based fluorescence detection system could approach an operational 
capability in mid-calendar-year 1961. 

These approaches directly to prototype systems imply continuing studies and 
improvements especially in the area of system reliability. 


Representative Houirietp. Our next witness is Mr. Carleton M. 
Beyer, of the Advanced Research Projects Agency, who will discuss 
the dollars and manpower for the underground and space systems. 

Advanced Research Projects Agency has had the responsibility for 
improving the ability to detect and identify underground and space 
nuclear tests. 


We appreciate your appearance here and realize that you have been 
held over some time. 


STATEMENT OF CARLETON M. BEYER,‘ ADVANCED] RESEARCH 
PROJECTS AGENCY 


Mr. Bryer. It has just been a short trip between here and the 
Pentagon. 


There are two parts of my presentation. In the first part I am to 
talk of the requirements in terms of dollars and manpower for the 
Geneva-type international control system, and the later part deals 
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ager in the Advanced Research Projects Agency, Office of the Secretary of Defense; now Assistant Director 
for Nuclear Research and Reliability. 

(2) November 1957 to July 1959: Principal technical assistant to the Director, Office of Guided Missiles, 
Office of the Director of Defense Research and Engineering, Office of Secretary of Defense. 

(3) November 1956 to November 1957: Chief of Engineering Division, Office of Guided Missiles, Office 
of Assistant Secretary of Defense for Research and Engineering. 

(4) May 1946 to November 1956: Branch Head, Scientific Department, U.S. Navy Electronics Labora- 
tory, San Diego, Calif. 

(5) 1942 to May 1946: Research Associate for the University of California Division of War Research at 
San Diego and Key West. 

Professional Societies: Senior member, Institute of Radio Engineers; member, Sigma Pi Sigma (physics); 
member, Phi Delta Kappa (education); member and consultant, American Ordnance Association. 
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with requirements for a coordinated program. With the permission 
of your staff I am adding to that a rather complete discussion of the 
work that is going on under Project Vela. So this first part is just 
limited to the Geneva control system estimates. 

I have been asked to speak on the requirements in terms of dollars 
and manpower for the underground and space systems of a Geneva- 
type international control system. 

The ARPA responsibility that was assigned by the Secretary of 
Defense and the Director of Defense Research and Engineering is 
for research and development to improve our ability to detect aden 
detonations underground and in space. ARPA is not responsible for 
the construction, staffing, or operation of a control system, but only 
for the underground and space research and development aspects. 

Mr. Ramey. When was ARPA given responsibility for the R. &. D. 
to improve the system? 

Mr. Breyer. You mean to establish in some case a system? 

Mr. Ramey. Yes. 

Mr. Breyer. September 2, 1959. 

Mr. Ramey. Who had that responsibility before that time, or was 
there such a responsibility? 

Mr. Beyer. | believe in the memorandum of agreement between 
Dr. Killian, Dr. Quarles, and Mr. McCone of April 23, 1959, it was 
agreed that it would be split up in two different categories. Between 
that time and the time it was assigned to ARPA it was receiving 
various types of technical reviews within the Department of Defense. 

Mr. Ramey. You say ARPA is not responsible for the construction, 
staffing, or operation of a Control System. That presumably would 
be done by an international group. 

Mr. Beyer. If it is an international group it would be agreed on at 
Geneva as to how this would be undertaken. 

Representative HouirieLp. Your present responsibility does not 
include construction or staffing or operation of the Control System? 

Mr. Bryer. Yes. We are a research and development outfit. 

Representative HotirieLp. You are strictly confined to the research 
and development of hardware? 

Mr. Bryer. And techniques. 

Representative Houirietp. Detection type hardware. 

Mr. Bryer. Yes. 

Representative Hotirretp. And detection techniques. 

Mr. Bryer. Yes, sir. And system techniques. 

Representative Houirretp. In your computation that you gave 
here in terms of dollars, is it confined to that scope or do you take in 
in your testimony an estimate of the whole field? 

Mr. Bryer. We are reporting in this testimony on a study done by 
someone else to be responsive to a request for this information, and 
it does cover the overall field. 

Representative Ho.iFiecp. I see. 

You may proceed. 

Mr. Bryer. For assistance in this hearing, estimates have been 
obtained from previously prepared studies that reflect the general 
magnitude of the cost and effort required to establish a control system 
for detecting nuclear detonations underground, in the atmosphere 
and at high altitude. These estimates are likely to be affected by 
further negotiations at Geneva and by the cost of R. & D. on space 
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satellites or the use of space satellites; nor did they include R. & D. 
on underground detection. The estimates presented may be reduced 
if detection technique breakthroughs are achieved as a result of the 
research and development under Project VELA in the Department of 
Defense, or they may be increased if techniques for concealing nuclear 
detonations are improved. 

Representative HoutirieLtp. Why do you say that you have the 
responsibility for research and development to improve our ability 
to detect nuclear detonations underground, and then you say that the 
estimates would be affected by the cost of R. & D. on space satel- 
lites and the use of space satellites? 

You also say that the estimates did not include R. & D. on under- 
ground detection. 

Mr. Beyer. Sir, if I may explain that using different words, I 
probably did not choose good ones here, the R. & D. responsibility of 
ARPA is for R. & D. on the underground environment, skips over the 
atmospheric area, and into space. However, the study I am going 
to try to summarize here is concerned with underground detection 
and the detection of relatively low altitude or atmospheric type of 
detections. But at this time we do not have any completely reliable 
estimates for the space detection requirements. 

Representative HouiFieLp. I see. 1 think that clarifies it. 

Mr. Bryer. It should also be understood that since a number of 
details regarding the control system have not been agreed on at 
Geneva, the estimates cannot be precise and are likely to be changed 
significantly as a result of further negotiation. 

Representative Houirietp. Would you say that paragraph was 
entirely accurate? Wouldn’t you say that not only of a number of 
details have not been agreed upon but a number of the primary objec- 
tives have also not been agreed upon? 

Mr. Beyer. I would agree. For example, the United Electro- 
dynamics studies, which related to the use of large arrays, were dis- 
cussed. If we were to go to such a system and it was agreed upon, 
it would represent a major change in the type of system to be used. 

Representative HouirreLp. Of course, the suggestion of 600 sta- 
tions in place of 21 stations is hardly a detail. 

Mr. Beyer. I agree. 

Representative HouirreLp. The number of inspections, of course, 
is not exactly a detail. 

Mr. Bryer. I agree. 

Representative Tek That seems to be a pretty important 
matter to both sides, I would say. 

Mr. Beyer. I quite agree. 

In order to install and operate a worldwide control system quickly 
and effectively, the proper detection equipment, an efficient organiza- 
tion with excellent interunit communications, and clear, previously 
agreed upon rules and procedures are required. 

If implemented the overall responsibility for the control system 
would be exercised through a multination control commission to which 
the Administrator for the Control System would report. He would 
be located at system headquarters. 

Headquarters: The system would be controlled from Headquarters 
where a data analysis center, a research office, and a central laboratory 
would be located. Also several staff offices would be required. 
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Regional offices: Regional or intermediate offices are envisioned for 
the administrative supervision and logistic support of control posts. 

They would not, however, be responsible for the direct control of 
actions in the control post. 

Control posts: In areas subject to few earthquakes, control posts 
would be spaced at 1,700-kilometer intervals. 

Where there is considerable seismic activity, the control post spacing 
should be about 1,000 kilometers. In ocean areas, the ship an 
island control posts would be spaced between 2,000 and 3,500 kilo- 
meters apart. 

Number of control posts: 
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Total 


The techniques employed in a control post would consist primarily 
of sensing devices or instruments that record disturbances of the 
earth or atmosphere. The recordings of several techniques and 
several control posts are analyzed and compared, to determine whether 
a disturbance was natural or manmade. Such a determination is 
not always possible, particularly if the disturbance is of low magnitude 
or low yield. To assist in this determination, inspection teams will 
be used to investigate sites of suspected nuclear explosions. The 
inspection teams should be located at selected regional offices and 
land control posts in such a way that the inspection teams would 
have prompt access to suspected sites and should be equipped to 
complete the inspection. The number and makeup of the teams is 
still under discussion at Geneva. 

Aircraft are to be used that are equipped with devices for taking 
samples of atmospheric debris. Similar devices are also located at 
each control post. These samples are then analyzed to determine if 
they include any nuclear debris and, if so, if such nuclear debris is of 
recent origin. 

The system described so far does not provide for detection of 
nuclear detonations or R. & D. for space detection, particularly the 
use of statellites, as is being studied by ARPA. Also, further research 
is in progress on underground detection. I will cover these points in 
more detail later. 

Communications system: Rapid and reliable communications will 
be required to transmit data messages to the Headquarters. These 
requirements will probably necessitate the use of radio. 

Personnel: It appears that a limited number of technically trained 
personnel is available for many of the positions in the System. An 
extensive training program would be required. Since a number of 
nations would be involved in the Control System, all rules, procedures, 
and communications would have to be designed so that the several 
languages would pose no barrier. 

It is estimated that approximately 20,000 people may be required 
to establish and operate the System, excluding space detection. The 
great majority of these people will be required in the control posts as 
technicians and as support personnel. A control post would have 
approximately 30 to 35 technicians with number of additional support 








at 











NUCLEAR WEAPONS TEST BAN CONTROLS 371 


personnel that would depend on the remoteness of the post from 
omen resources. The System headquarters may require 1,500 to 

2,000 personnel, the majority to be employed in the analysis of data 
submitted by the control posts. Other personnel requirements will 
be in the fields of air operations, regional offices, ships, and communi- 
cations. 

Representative HouiriELp. Is there any thought at all that we 
have the type of trained personnel in this field to fill a complement of 
20,000 employees? 

Mr. Beyer. They are not available at this time in that number. 

Representative Hoxirretp. This would involve a very extensive 
training program in the field of seismology and electromagnetic 
readings of devices, maintenance of devices. 

Mr. Brysr. That is right. 

Representative Houirretp. Calibration and all that sort of thing. 

Mr. Bryer. Yes, sir. However, I believe there are people with 
technical background in this country who could be retrained to fill 
these positions, and I believe among some of the other countries 
there are nuclei that could be expanded with a training program. 

Representative Ho.irieLp. Would you anticipate any trouble in 
obtaining people to work in some of these far-off locations and be 
stationed, let us say, in the Antarctic and Siberia and the remote 
areas of the land mass of Red China, Mongolia, Australia, South 
Africa? Do you think there would be any difficulty in getting people 
to go out there and live under the primitive conditions they would 
have to live under? 

Mr. Beyer. I think undoubtedly there would be some difficulty. 
I am personally not qualified to discuss how the other nations in 
particular would resolve their manning questions in this connection. 

Representative Ho.uir1eL_p. These teams, though, would be inter- 
national teams? 

Mr. Breyer. That is correct. 

Representative Hotirretp. Therefore, wherever a team was sta- 
tioned, it would be assumed that there would be three types of per- 
sonnel from the different nations. 

Mr. Breyer. That is right. 

Representative Houirietp. I think the complement would be 
fairly well divided between Great Britain, United States, and the 
Soviet Union and a certain number from other nations, is that right? 

Mr. Breyer. Yes. 

Representative HoxtrieLp. So it has been discussed in the nego- 
tiations. 

Mr. Beyer. Yes. My feeling on this is that if we are able to get 
people to man our own DEW line stations at very remote points in 
the world, we can with proper rotation planned, proper facilities on 
the base and some financial inducement, find good people to do this 
job. 

Representative Hotirretp. Are most of these people on the DEW 
line Defense Department career people? 

Mr. Breyer. No, sir. Most of them are contract people. 

Representative Hotirietp. Most of them are contract people, 
civilians? 


Mr. Bryer. 


Yes, sir. 
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REPRESENTATIVE Ho.uiriELD. How many DEW line posts do we 
have, approximately? 

Mr. Breyer. I am not qualified to discuss the details of that. 
That is out of my field. 

Representative Hosmer. That is a matter that would be controlled 
internationally, such as living conditions and everything else. You 
would have no idea until such time as specific minimum requirements 
for housing and food and so forth were established. 

Mr. Beyer. Yes. I would expect them to require premium pay 
of some sort to induce good topnotch people to man these stations. 

Representative Hosmer. You mentioned personnel requirements 
for operating these things. Did you make any inclusion there for 
personnel to maintain the integrity of the communication system? 

Mr. Bryer. This would be part, as I understand it, of the tech- 
nical complement of from 30 to 35 technicians, but would not be 
taken from the additional support personnel. In other words, they 
are counted in this. 

Representative Hosmer. We had talk yesterday of some 20,000 
miles of telemetering cable being involved. I think it was in the 
U.S.S.R. alone. Those people certainly would not give very much 
guarantee to the integrity of those systems, would they? 

Mr. Beyer. In this instance, we are talking about a radio link, 
so the integrity would have to be controlled at the post and at the 
receiving end where the data are converted back into useful infor- 
mation. 

Representative Hosmer. That is in your mind the responsibility 
of the people who man a particular post? 

Mr. Breyer. Yes. This, again, is one area where I do not believe 
there is complete agreement as to exactly how communications will 
be carried on and through what type of system and with what priority. 
Hence, as I will point out later, the estimates which I will give are 
rather broadbrush or corresponding estimates that will have to be 
refined as these, as I have called them indirectly actually, details 
are further spelled out. 

Representative Hosmer. It is important that the communications 
be as reliable as the detection machinery? 

Mr. Beyer. Yes, sir. Not only reliable but very rapid. 

Now with regard to cost, it is estimated that the International 
Control System without satellites, will cost the participating govern- 
ments in the neighborhood of $1 billion to establish and $250 million 
a year to operate. 

I would like to point out that these are well-rounded figures and 
are based on the deployment I have previously discussed. 

It would cost the United States from one to several million dollars 
to establish a control post depending upon the climate and support 
resources available locally. The final siting of a control post will, 
of course, determine the cost. The final site cannot be determined 
until detailed map studies and visual and instrument surveys have 
been made and the results analyzed. In the establishment of a 
control post,we must consider such things as: 

Building materials, construction, fuel storage, heating facilities, 
pole lines, electric power, water wells, communications, technical 
equipment, housing, dining facilities, transportation, initial supply 
and resupply, and roads. 
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In some cases, control posts will have to be completely self-sufficient. 
The annual operating costs will consist largely of salaries but will 
cover, also, such items as resupply of technical and other equipment 
and supplies, transportation, research and development, and training. 

Space-based detection system: I can only speak in general terms 
about the space-based operational detection system, since the detec- 
tion capability requirements have not yet been established for this 
environment. As Dr. Taschek just mentioned, we have just com- 
pleted on a joint basis between NASA, BMD, and AEC, a study 
for an R. & D. program which is aimed at getting answers to some of 
these questions before a system can be defined precisely and costed. 

The detection effectiveness of satellite-borne detectors is a function 
of the instrumentation’s sensitivity and ability to discriminate be- 
tween signals produced by a nuclear detonation and by natural 
background phenomena. It is possible to obtain various limited 
levels of detection capability over the next few years. However, 
by conducting necessary research and development, detection effec- 
tiveness can be rapidly improved with time. 

Surface-based high-altitude detection system: A capability to de- 
tect nuclear detonations to a limited distance from the earth can be 
achieved by using detection instruments located on the ground. 
These instruments would be located at the control posts if such a 
system is implemented. 

Underground: The resources estimates I have indicated and the 
system I have described includes underground detection techniques 
based on the present state of the art. 

In summary: Approximately 20,000 people would be required to 
operate a control system capable of detecting underground, surface, 
and atmospheric detonations. The cost of establishing the system, 
would be approximately $1 billion, take about 6 years to establish, 
and the annual operating cost would be roughly $250 million. This 
is a hopeful statement. All these costs would be shared by the par- 
ticipating countries. These estimates specifically exclude outer space 
detection that requires the use of satellites. 

Representative HotirieLp. This is based on 180 control posts 
worldwide? 

Mr. Beyer. Yes, sir. 

Representative HouirieLp. That would be something like 37 in 
Asia? 

Mr. Beyer. On that order; yes, sir. 

Representative Hotirretp. About 21 of which would be in the 
Soviet Union. 

Mr. Beyer. In the U.S.S.R.; yes, sir. 

Representative HouirieLp. So if we magnified this on the basis of 
21 stations up to 600 stations, as suggested by Dr. Bethé, this would 
go up by a factor of 30. 

Mr. Beyer. I don’t know if we can extrapolate directly in this case 
because there would be some common costs. But certainly it would 
go up many times. It is a very complex type of estimate to make, sir. 

Representative Hotirretp. I assume that this is also based on 
what they call the low frequency seismographs. 

Mr. Beyer. Yes. 

Representative Houirretp. And not only high frequency as sug- 
gested by Dr. Roberts and Dr. Bethé. 
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Mr. Beyer. I think all I can say on this point, and Dr. Romney 
should talk in detail about this later, that this is based on a 21-seis- 
mometer installation with 10 in an array. 

Representative Houirietp. Ten in an array? 

Mr. Breyer. Yes, sir. This is much less than the thing you heard 
about yesterday. 

Representative HotirreLtp. Yes. We were asked for at least 70 to 
100 in an array. 

Mr. Bryer. Yes, sir. 

Representative HouiF1eLp. This is based on 10 in an array. 

Mr. Beyer. And two matched horizontal component instruments 
and three, three-component instruments. So it is much less in terms 
of the number of seismometers that would be involved than the study 
you heard reported yesterday. 

Representative HouirreLtp. Mr. Hosmer? 

Representative Hosmer. No questions. 

Representative Hotirrietp. Mr. Ramey. 

Mr. Ramey. How much money has ARPA expended since it as- 
sumed its responsibilities for research and development on detection 
in September of 1959? 

Mr. Breyrr. Would you want the answer now? I plan to have it 
as part of my presentation in a later portion. 

Representative HotirreLp. Are you going into that aspect of it? 

Mr. Bryerr. Yes, sir. We will cover the dollars as well. 

Representative HotirreLp. Will you also be going into the number 
of contracts that have been let and projects undertaken, moneys com- 
mitted, moneys available? Will you cover that field later? 

Mr. Beyer. I can cover that. I will purposely stay off the names 
of the contractors because there are some that are being negotiated 
at the present time. 

Representative Ho.irieLp. That is understandable. 

Are there any further questions? 

If not, thank you very much, Mr. Beyer, for your presentation. 
It has been very helpful. 

Mr. Beyer. Thank you. 

Representative Honirtetp. How long will it take you on your 
second statement, Mr. Beyer? 

Mr. Bryer. I would say on the order of 40 minutes, with questions. 

Representative Houirieip. Then we will reconvene at 2 o’clock. 

(Whereupon, at 12:10 p.m., the committee was recessed, to recon- 
vene at 2 p.m. the same day.) 


AFTERNOON SESSION 


Representative HotirirLp. The committee will be in order. This 
afternoon’s session will open with further testimony from Mr. Carlton 
M. Beyer of the Advanced Research Project. Agency who will testify 
on general research program requirements for any agreed-on period 
of cooperative research. I hope you will not limit yourself, sir, to 
the word ‘‘cooperative.’’ I hope you will also comment on a coordi- 
nated program of research and an independent program of research 
for the United States. 

You may proceed. 
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STATEMENT OF CARLTON M. BEYER,’ ADVANCED RESEARCH 
PROJECTS AGENCY—Resumed 


Mr. Beyer. Thank you. 

Mr. Chairman, my statement is in two parts. The first part is 
some general remarks about program requirements for a coordinated 
research program. The second part is a brief summary of the overall 
work going on under Project Vela. 

I have been asked to discuss the requirements for a program of 
cooperative research. Such a program was mentioned as a coordi- 
nated research program in the statement recently issued by President 
Kisenhower and Prime Minister Macmillan. 

The words “coordinated research” are being used to describe a 
concept that has been proposed under which each participating nation 
would let the others know of its plans and experiments, share data from 
these experiments, and compare results obtained from them. Under 
a coordinated program as currently envisaged, one nation would not 
approve another nation’s plans, experiments, or resulting reports. 
Each participating nation would keep the other informed of all tests 
and make it possible for others to observe and participate in such tests. 
The coordination between participating nations could be accomplished 
by an information exchange group made up of technical and scientific 
personnel who might report to the Control Commission. This ap- 
proach would have to be considered and approved at Geneva. 

Joint research tasks are not excluded from the concept of a coordi- 
nated research program. However, it should be noted that joint 
efforts would require the approval of the participants with the result 
that the administrative procedures would probably be more time 
consuming than those associated with a coordinated program. 

Representative Houir1etp. At that point I want to compliment 
you upon this approach. I feel it is very important that the U.S. 
program of research and development be vigorous and aggressive and 
not subject itself in any way to any type of obstructive or stalemating 
procedures or practices or obstructions. 

Mr. Breyer. Thank you. 

Underground detection improvement is receiving active considera- 
tion under the coordinated approach. There is no comparable pro- 
gram being considered for the detection of nuclear detonations on the 
surface or in the atmosphere because the detectability of those blasts 
at present is considered fairly satisfactory. However, some addi- 
tional research and development effort will be required before an 
adequate capability of detection of nuclear detonations in space can 
be assured. The problem of detecting high-altitude nuclear detona- 
tions can be separated into two parts: the first involves the use of 
detection intruments located on the surface of the earth, and the 
second involves the use of space-based or satellite-borne detectors. 

Representative Hosmer. When you speak of high-altitude detona- 
tions are you encompassing all detonations in space or just within a 
certain range of the earth? 

Mr. Breyer. Let us say from 50 kilometers from earth to as far as 
we can reasonably go. I believe some of the scientists have talked 
about the limitations of the present schemes for detection which will 
require further research and development to verify and improve. 


5 See biographical sketch, p. 367. 
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Representative Hosmer. You have not added an intermediate 
zone here. You are just talking about two zones. 

Mr. Beyer. That ts right. 

Now that the various elements of the coordinated program have 
been mentioned, I would like to comment briefly on how the current 
U.S. research and development program is being undertaken. Two 
developmental approaches are being pursued concurrently. One 
approach consists of methodical investigation across broad technical 
fields with the objective of yielding results in the nature of major 
technological breakthroughs over a period of years. The other 
approach consists of immediate acceleration and emphasis of work on 
selected problem areas and is designed to yield many significant im- 
provements of a specialized nature within the next year or two. Under 
the latter approach, duplicate effort would be placed on areas in 
which early improvements are most likely. 

In undertaking a research and development program involving 
underground and high-altitude detection, it is essential to consider 
the type and availability of the technical talent that can assist in 
making rapid progress. Use is being made of many highly qualified 
scientists and engineers in university, industry, and Government 
organizations. Increased use will be made of many other experts and 
specialists in related technical fields. 

I would now like to summarize Project Vela, which is the current 
U.S. program of research and development being undertaken to 
improve the detection of nuclear detonations occurring under the 
ground and in space. 

The basic responsibility for this program resides in the Department 
of Defense, and is being conducted in cooperation with the Atomic 
Energy Commission, the Departments of Commerce and Interior, and 
the National Aeronautics and Space Administration. 

Within the Department of Defense, Project Vela was assigned to 
the Advanced Research Projects Agency on September 2, 1959. The 
project is divided into three parts, and the following names have been 
assigned: 

Vela Uniform for the detection of underground detonations. 

Vela Sierra for surface-based detection of high-altitude detona- 
tions. 

Vela Hotel for space-based detection of high-altitude detona- 
tions. 

Vela Uniform: The first task is being conducted by the Coast and 
Geodetic Survey and is intended to provide a source of standardized 
quantitative seismic data on a worldwide basis. This will be accom- 
plished by providing a number of the world’s seismological research 
stations with standard, calibrated instruments, to be maintained and 
operated by them as part of their normal routine. The data accumu- 
lated at these stations would be exchanged freely among seismologists 
throughout the world. To accomplish the first step in this endeavor, 
the National Academy of Science has established a committee of 
eminent seismologists, who are currently preparing a report recom- 
mending the specifications for the standard equipment. The U.S. 
Coast and Geodetic Survey of the Department of Commerce will 
procure this equipment and arrange for its distribution. Procurement 
and distribution is expected to commence in midyear for the first 50 
sets of equipment. 
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Task 2 entails the establishment of a large-scale basic research pro- 
gram on the generation and propagation of seismic waves. This is 
deliberately intended as a stimulation of basic research in the area of 
seismology, with eventual long-term benefits to the detection problem. 
Task 2 also consists of a project of a somewhat more applied nature. 
This aspect involves the investigation of new types of seismic instru- 
ments as well as their use in complex arrangements and in locations 
such as deep in the earth’s crust. 

Under task 3, in order to make an immediate attack on the require- 
ments for and the detailed characteristics of a system of stations in- 
tended for the detection of underground nuclear detonations, it is 
planned to build and operate two prototype detection stations: one 
based on the equipment recommended by the Geneva Conference of 
Experts, the other containing the improvements recommended by 
the Berkner Panel. Although these stations are expected to serve 
as prototypes for a final system, they will also be used as the stations 
for the trial application of new techniques resulting from more basic 
elements of the program, and for the study and application of refined 
system techniques such as data processing and analysis. 

In task 4, a series of underground nuclear and high-explosive deto- 
nations have been recommended to provide research data on under- 
ground explosions and to test components of a possible control system. 
These should be conducted in a variety of geological environments, 
calculated to increase our understanding of the variation in seismic 
signals resulting from underground weapon tests. 

In addition to the long-term program, specific short-term studies 
are nearing completion on the following subjects: 

(a) A review of the feasibility of utilizing unmanned seismic sta- 
tions to extend the capabilities of a detection network. 

(6) A systematic review of earthquake statistics, and the criteria 
for differentiating between earthquakes and explosions. 

(c) Astudy of the feasibility of utilizing large arrays of seismographs 
to increase the detection sensitivity of a detection station. This last 
was summarized for you yesterday afternoon. 

At present the fiscal year 1960 program for Vela Uniform involves 
$8,695,000 which includes $2,310,000 for planning test shots, if 
approved. 

The entire program is in consonance with the objectives given in 
the Berkner report. It has been reviewed by the Ad Hoc Group on 
Seismology formed by Dr. York and more recently by the Ad Hoc 
Panel on Seismic Research and Development chaired by Dr. Panofsky. 

This most recent review resulted in suggestions for improving the 
accelerated Vela Uniform program. Plans for implementing these 
suggestions in fiscal year 1960-61 are under active consideration. 

Vela Sierra: The second part of the Vela project, known as Vela 
Sierra, consists of research and development aimed at improving the 
detection of high altitude nuclear detonations using instruments 
located on the earth’s surface. 

Several techniques for the detection of high altitude detonations 
with instruments located on the surface of the earth are potentially 
available; however, there is a need for additional research and develop- 
ment to develop these into useful components of a detection system. 
Two of the promising areas involve the use of optical and electro- 
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magnetic methods. I will mention these briefly since the technical 
experts have or will discuss them in greater detail during these 
hearings. 

Optical methods: There are two techniques available which depend 
on the detection of visible light. One measures the light emanating 
directly from the explosion. The other measures the fluorescence or 
glow of the upper atmosphere which results when the radiation from 
the nuclear detonation interacts with atmospheric molecules. 

Representative Hosmer. One of the gentlemen who testified 
yesterday indicated that the length of the emission of light from an 
explosion in space would be for a matter of microseconds. 

Mr. Bryer. Very short duration. 

Representative Hosmer. Of course, it is too short for eyeball 
visibility, I presume. 

Mr. Beyer. Yes. 

Representative Hosmer. It would have to be caught electronically. 

Mr. Bryer. Yes, by other than human means. It would have to 
be through some sort of equipment capable of reacting to the short 
pulls. 

Although the basic phenomena which occur in each case are rela- 
tively well known, the effects of the natural phenomena must be 
better understood before detection instruments can be developed 
which are reliable enough to be used in a control system. Specifically, 
lightning flashes, the aurora, and the presence of the clouds which 
obscure the view of the instruments, will adversely affect their per- 
formance. 

Electromagnetic methods: The detonation of a nuclear weapon is 
accompanied by the emission of a radio signal. Detection of this 
signal by a suitable radio receiver appears to be an attractive possi- 
bility. Before this signal can be used, two things must be better 
understood: First, there has to be a better understanding of the 
frequency and time characteristics of the emitted signals; secondly, 
the natural atmospheric noise generated by lightning storms has 
close similarity to the signal that is to be detected and methods for 
discriminating between the detonation signal and the natural back- 
ground must be devised. 

The propagation of radio signals between points on the surface of 
the earth or from outer space is significantly affected by the ionized 
regions of the upper atmosphere, called the ionosphere. After a 
nuclear detonation has taken place, radio signals may be absorbed, 
the direction of propagation may be changed and the signal may be 
scattered depending on the degree of ionization, its distribution in 
space and the frequency of the radio waves. In principle, these modi- 
fications to radio propagation conditions can be detected and used as 
an indication that a nuclear detonation had occurred; however, natu- 
ral perturbations also occur in the atmosphere. These natural pertur- 
bations result from solar flares, meteors, and auroral activity. Before 
this approach can be used, it will be necessary to understand more 
about natural variations in the ionosphere and radio signal propaga- 
tion conditions. 

With the examples that I have discussed I have tried to show sev- 
eral of the approaches being considered under the Vela Sierra program 
which is just getting underway. Funds for commencing this work 
were received 2 weeks ago and are in the amount of $1,050,000. Addi- 
tional work is planned. 
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Representative HouiFr1Eup. Is this last section, the electromagnetic 
method, the Vela Sierra program? 

Mr. Breyer. These are examples. This does not describe all of the 
parts of the program. These are examples which we are sure we are 
going to undertake. 

Representative HoLirieLp. You may proceed. 

Mr. Bryer. Thank you. 

Vela Hotel. The third part of the Vela project is known as Vela 
Hotel. This portion of the project consists of research and develop- 
ment associated with space-based techniques for detecting nuclear 
detonations which occur in outer space beyond the effective range of 
the surface-based detectors just Tatiien under Vela Sierra. The 
method most likely to be employed requires the detection of signals 
generated by detonations in space with special instruments mounted 
on satellites, and then relaying the information to ground stations. 

At present, the use of X-ray, gamma-ray, and neutron detectors 
appears to offer the best approach for early development of a practical 
operational system. The ability to detect a nuclear detonation by this 
method is dependent on at least the following factors: 

(a) The amount of radiation emitted from a nuclear detonation. 

(b) The distance between the detonation and the detection system. 

(c) The natural radiation background or environment in which 
the detection system is operating. 

(d) The sensitivity of the detection system, sensors, and associated 
electronic instrumentation. 

(e) Any shielding or other countermeasures which might be em- 
ployed to conceal the nuclear detonation. 

In order to be able to build and operate an effective space-based 
detection system, it will be necessary to investigate each of these 
factors. A research and development program oriented to accomplish 
this would include: 

(a) Study and examination of the basic mechanisms of nuclear 
weapon detonations in space. This will result in a refinement of our 
understanding of the detectable radiations emitted and may lead to 
the discovery of new and more effective detection methods. 

(b) Determination of the natural radiation background in space 
where satellite-borne detection systems are to be located. 

(c) A large effort on the improvement of X-ray, gamma ray, and 
neutron sensing devices with particular emphasis on advanced 
techniques. 

(d) In conjunction with the work on detectors, considerable effort 
on the electronic equipment which analyzes the signals detected. 
This signal analyzer, or logics as it is sometimes called, provides the 
capability of discriminating against natural background signals. 

(e) Research on promising detection schemes other than those 
derived from sensing X-ray, gamma ray, and neutron signals. In- 
cluded in the approaches to be investigated are the detection of air 
fluorescence, direct visible light, other slavteonaaniaie signals such as 
radio waves, and light scattered by the bomb debris. The objective 
of this work would be to devise improved techniques which would lead 
to more effective detection capability. 

(f) Thorough investigation of all aspects of equipment reliability. 
The objective is to increase the useful operating time of the equip- 
ment. This will tend to reduce program costs since the required 
55625—60—pt. 125 
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testing and acquisition of data can be achieved with fewer replace- 
ment parts and in less overall time. 

(g) Study and research for countering any techniques for conceal- 
ment which might be utilized to mask a nuclear detonation from a 
surveillance system. 

I have made no reference to the space vehicles required to place the 
detection payload into orbit. Vehicles developed under existing 

rograms appear to be suitable. The information regarding Vela 

otel which I have just discussed was derived from a report recently 
prepared by a technical working group established by ARPA. Par- 
ticipating on the working group were technical personnel from the 
USAF Ballistic Missile Division, Atomic Energy Commission, Na- 
tional Aeronautics and Space Administration, and associated con- 
tractors. The coordinated report was completed roughly 2 weeks ago 
and is now undergoing review by the agencies involved. 

A decision with regard to action to be taken on this program will 
be made in the near future. In the meantime, the Department of 
Defense has initiated the necessary planning in conjunction with the 
AEC and NASA to flight test appropriate experimental gear as piggy- 
backs on forthcoming DOD and NASA space probe and satellite 
flights. 

SUMMARY 


In summary, I would like to say that ARPA, in the Department of 
Defense, is vigorously prosecuting the Vela project in conjunction 
with the AEC, NASA, the Departments of the Interior and Com- 
merce, and with substantial assistance from universities and industry. 
The Vela Uniform program is well underway. The Vela Sierra pro- 
gram is funded and just getting started. A comprehensive study 
has been made of the Vela Hotel program and the resulting report 1s 
being actively reviewed by top-level Department of Defense, Atomic 
Energy Commission, and National Aeronautics and Space Administra- 
tion personnel. 

Representative Hotrrretp. Thank you, Mr. Beyer, for your state- 
ment. 

Mr. Beyer, I want to go back into a little history. Over a year ago 
the Berkner report on possible improvements and necessary research 
and development to accomplish it was issued. Dr. Bethé testified 
before us at that time along with Dr. Berkner and his associates and 
indicated that we could expect considerable improvement in detection 
and control. Yesterday Dr. Bethé indicated some disappointment in 
that not much progress had been made in the last year. I want to 
emphasize that I feel the same way as Dr. Bethé on that point. I 
don’t blame you, of course, for this situation. I have been told that 
you are an ardent advocate of more research and development. 

At this point, I would like to put into the record some inquiries the 
Joint Committee has made during the last year as to programs on 
research and development in this field. These are letters from the 
chairman, Senator Anderson, to Dr. James R. Killian of June 25, 
1959, a copy of which was sent to the Secretary of State. The answer 
of Dr. Killian to Senator Anderson on July 2. An additional letter 
from Dr. Killian on July 14. These all have to do with the research 
program in this field. 
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(The letters referred to follow:) 


CONGRESS OF THE UNITED STATEs, 
Joint COMMITTEE ON ATomic ENERGy, 


June 25, 1959. 
Dr. JAMES R. KILLIAN, Jr., 


Special Assistant to the President for Science and Technology, 
The White House, Washington, D.C. 


Dear Dr. KILuIAN: On June 12, 1959, with concurrence by the Department of 
Defense, the Atomic Energy Commission, and the Special Assistant to the President 
for Science and Technology, the Department of State released to the public a 
summary of the conclusions of the Panel on Seismic Improvement. The first 
and summary section of a report on the need for fundamental research in seismology 
by the Panel was also released at the same time. 

“While the Panel has made no detailed estimates of support for seismology at 
present, it is believed to be less than $500,000 annually excluding private research 
in petroleum exploration. This is scarcely enough to carry on basic observations, 
and permits no very rapid or significant progress in the science. The Panel recom- 
mends that this be increased to about $6,575,000 for the first year based on studies 
of particular potentialities, with an increase to about $10,520,000 in the second 
year.” 

Dr. Berkner also stated that the Panel was of the opinion that American science 
can launch this effort successfully. 

In view of the extreme importance of this matter, particularly at this time, 
when we have in effect a nuclear test moratorium and are negotiating with the 
U.S.S.R. and Great Britain for a test cessation agreement to include a reliable 
detection and inspection system, I believe it is of urgent necessity to undertake 
the required support of seismology. On the basis of Dr. Berkner’s March 31 
letter, and the recommendations of the Panel, I believe it is urgent that the 
United States immediately commit the necessary money to support research and 
development in seismology at the level recommended. 

I would appreciate it if you wouid advise me as to what action is being taken 
to comply with these recommendations. In the event additional appropriations 
by the Congress is required, please inform me as soon as possible in order that no 
delay may occur. I would also appreciate knowing if the level of support recom- 
mended in Dr. Berkner’s letter is classified and, if so, the reason therefor. 

Because of their interest and responsibilities in this matter, I am sending a copy 
of this letter to the Secretary of State, the Secretary of Defense, and the Chairman 
of the Atomic Energy Commission. 

Sincerely yours, 
Cuinton P. ANDERSON, Chairman. 


CONGRESS OF THE UNITED STATEs, 
Joint COMMITTEE ON Atomic ENERGY, 


June 25, 1959. 
Hon. Curistran A. HERTER, 


Secretary of State, 
Washington, D.C. 


Dear Mr. Secretary: I am sending to you attached a copy of a self-explana- 
tory letter which I have sent this day to Dr. James R. Killian, Jr., Special Assistant 
to the President for Science and Technology, concerning recommendations by the 
Panel on Seismic Improvement as to the need for greater support for seismology. 

The attached letter is classified secret because it quotes from a letter of Dr. 
Lloyd V. Berkner, chairman of the Panel on Seismic Improvement, which letter 
was so classified. 

Sincerely yours, 
Cuinton P. ANDERSON, Chairman, 
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Tue PresipENT’s Science ApvisoRY COMMITTEE, 
Executive Orrice BUILDING, 
Washington, D.C., July 2, 1959. 
Hon. Curnton P, ANDERSON, 
U.S. Senate, 
Washington, D.C. 


Dear SENATOR ANDERSON: This is the first of a two-part response to your 
letter of June 25, about the recommendations of the Panel on Seismic Improve- 
ment. I am bringing together the facts about the extent to which a research 
program has been initiated in response to the recommendations of the Panel and 
will comment upon that subject in a second letter. 

You ask whether the level of support recommended in Dr. Berkner’s letter is 
classified and if so, the reason therefor. In answer to this, I enclose a publie 
release of the State Department, dated June 12, entitled, “Summary Reports of 
the Panel on Seismic Improvement.’”’ Accompanying this release is a summary 
document entitled, ‘““The Need for Fundamental Research in Seismology,’’ and 
you will note on pages 13, 14, 15, and 16, a discussion of the requirements for 
an augmented seismological research program. The entire report on the need 
for fundamental research has been declassified. I understand the State Depart- 
ment is currently preparing copies of this whole research report for publication, 

I will report to you further at the earliest possible time. 

Yours sincerely, 


J. R. Kruuran, Jr. 


THE PRESIDENT’s ScreNcCE ADVISORY COMMITTEE, 
EXECUTIVE OFFICE BUILDING, 
Washington, D.C., July 14, 1959. 


Hon. Cuinton P. ANDERSON, 
U.S. Senate, 
Washington, D.C. 


Dear SENATOR ANDERSON: As anticipated in my letter to you of July 2, I 


am completing my response to your request for information about the recom- 
mendation of the Panel on Seismic Improvement which deals with increased 
support of research in seismology. 

In April of this year the Department of Defense assumed primary responsibility 
for initiating the expanded research program in seismology directed toward the 
fundamental problems involved in the detection and identification of underground 
nuclear tests as recommended by the Panel on Seismic Improvement. The De- 
partment of Defense has informed me that this responsibility has been assigned 
to the Air Force Technical Applications Center (AFTAC), a group that has had 
continuing programs in the past for both pure research in seismology and systems 
engineering in closely related fields. 

This group is now completing its plans for implementations of the reeommenda- 
tions of the Panel on Seismic Improvement; the necessary funding and executive 
decisions should be forthcoming in the near future. AFTAC has worked in the 
past with other Government agencies, such as the Coast and Geodetic Survey and 
the Geological Survey, on fundamental seismological research and would expect 
to implement part of the expanded research program through those agencies. 
I would suggest that you contact the Department of Defense for further informa- 
tion on the present research programs of AFTAC and the plans that are being 
made to follow up the Panel recommendations. 

As you know, the Atomic Energy Commission has announced plans to conduct 
a series of nonnuclear, high explosive tests in order to obtain information relating 
to the theory of seismic decoupling. This program will implement one of the 
specific recommendations of the Panel on Seismic Improvement. These high 
explosive firings are expected to commence late this summer. Instrumentation 
will be carried out by the Coast and Geodetic Survey and by AFTAC. Additional 
details on these plans can be obtained from the Atomic Energy Commission. 

The other aspect to this question is the support for seismology being provided 
by the National Science Foundation. In response to the report of the Panel, 
the Foundation has asked its Advisory Committee on the Earth Sciences to review 
the present status of this field in the United States and to recommend measures 
to stimulate university and research interest. It is also callin; tomether representa- 
tive seismologists to explore new research opportunities. The Foundation is pre- 
pared to expand its support in this field which is currently (fiscal year 1959) on 
the order of $290,000. I should point out that the National Science Foundation 
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does not solicit research proposals, but restricts itself to choosing among alterna- 
tive proposals which appear before it. If more proposals came from seismologists, 
more seismological research could and will be supported. The Foundation expects 
that the increased interest in seismology will, in fact, lead to an increase in the 
proposals in this field during the coming year, though we may find that the United 
States has a real shortage of people expert in this branch of science. One of our 


problems will be to educate more seismologists at the same time as the necessary 
research is carried out. 

In addition to this support, the National Science Foundation will support the 
publication of the full report of the Panel, and thus aid in the dissemination of 


this ge eer information and stimulate research proposals in this field. 
incerely, 


J. R. Kivurzan, Jr. 


Representative Houirietp. I think you have outlined in your 
statement here a pretty comprehensive program of research and devel- 
opment. I wanted to explore the status of this program and also the 
amount of money that was available and the amount of money ex- 
pended and so forth. 

First, you do have some money available, do you not? 

Mr. Bryer. Yes, sir. I wonder if before we get off on the money 
question I could make a few general comments about what has tran- 
spired since the Berkner report was made available in early March 
1959. 

Representative Houirie.p. I believe that was brought out by my 
questions. 

Mr. Beyer. I believe your letters certainly are important mile- 
stones. I have not read them. But I am sure that they will indicate 
the interest and the responses received. However, there may be some 
value on the part of the record to show some of the things that have 
gone on before ARPA was put into the responsibility for the Vela 
problem. If you care to, I could summarize one or two highlights. 

Representative Houirreip. Go right ahead. 

Mr. Bryer. As I understand it, the report from the Berkner Panel 
was dated on the 16th of March. 

Representative Houirietp. Of 1959. 

Mr. Bryer. Yes, sir; 1959 is the version I have. Then after re- 
ceiving this report it was given policy level consideration, and as I 
believe I mentioned before the recess, on the 23d of April, Dr. Killian, 
Mr. Quarles, and Mr. McCone met and they had a general discussion 
with regard to the organization and assignment of responsibility. 
This, then, became one of the policy documents which assigned respon- 
sibility in part to the Department of Defense and another part to the 
Atomic Energy Commission. Then a series of technical reviews took 
place to discuss ways and means of implementing the recommendations 
made by this panel and the Panofsky Panel. 

In connection with this, the Air Force Technical Applications Center 
came up with an initial plan which was dated in early July 1959. Then 
subsequent to this, this was reviewed by a panel formed by Dr. York 
called the Ad Hoe Group on Seismology, which was headed by Dr. 
Press of California Institute of Technology. 

Representative HotirieLp. What was the date of that? 

Mr. Beyer. They had two meetings, sir, and I don’t know the exact 
dates of those meetings offhand. But they took place prior to the 
assignment of the problem to ARPA. So it would be between June 
and September of 1959. There were two meetings of the seismic 
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group and one meeting of the high altitude group which was headed by 
Dr. Panofsky. 

I might add that the groups are being reconstituted at the present 
time under a single chairmanship and Dr. Richard Latter will be the 
chairman of the reconstituted group, which will be responsible for 
looking at the overall nuclear detection problem. 

This ad hoe group then will bring to bear topnotch scientific talent 
to advise the Department of Defense on matters relating to Project 
Vela. 

Then on September 2, 1959, the Secretary of Defense assigned 
responsibility for project Vela to ARPA. On October 2 we received 
some money and under ARPA Order 104 we issued $825,000 at that 
time to AFTAC. In addition, two short-term studies were set up 
at about the same date. Then after this initial work got underway, 
on December 11, the Bureau of the Budget, in response to a Depart- 
ment of Defense request, transferred $7.5 million from the defense 
emergency fund to ARPA account. The AFTAC people came up to 
review the seismic portion of the program which was the part for 
which these funds were made available. They reviewed the program 
before us on January 29, 1960. It was approved with minor modi- 
fications, on February 4, 1960. So the money has been made avail- 
able to AFTAC for prosecuting the program. 

Now with regard to your question on the money, I have some 
information in summary form on the status of the various parts of 
the problem, the money available and the money actually obligated. 
Obligated in this instance, in some cases, will mean that the contract 
is signed and people are working. In other cases, it is under negotia- 
tion. I cannot split those two categories. But the money is out to 
the procuring agency at least in every case. 

I can summarize this for you quickly here to give you a picture of 
where we stand on this part of the program. 

Task I that I referred to earlier is the underground detection task 
and the task involves the worldwide seismological network. There is 
a total of $700,000 available for the procurement of the 50 sets of 
equipment. I would like to add at this point that this network is 
only concerned with basic research and development. Data gathering. 
has nothing to do with the operational detection system. This 1s 
strictly an operation fer the scientists to get information and that only. 

Representative Ho.iF1eLp. This is for 50 seismological sets of 
equipment? 

Mr. Beyer. Yes, sir. 

Representative Hotir1eLp. For the purpose of obtaining statistical 
background of natural seismic events. 

Mr. Bryer. Yes, sir. 

Representative Hosmer. There is one other thing on that. Due to 
the fact that in the existing 50 stations the equipment is different and 
the procedures are different, this standard calibrated equipment must 
go in in order that you can accumulate information which comes out 
on the tape in the same form and shape. 

Mr. Beyer. At the present time, as I believe Dr. Romney indicated, 
the data gathered from many of the seismological stations throughout 
the world, while it is useful, is not as useful as if you had a standard 
calibration system and standard instruments. 
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Representative Hosmer. In making these 50 sets of calibrated 
equipment, do you factor in the varying capabilities of these seismic 
stations? 

Mr. Beyer. Yes, sir; however, this is under study by this National 
Research Council Committee as to which types of stations need addi- 
tional equipment to complete the set they have, which types of sta- 
tions would have to have almost a complete replacement, because none 
of their present equipment is amenable to this calibration system. 
Then there is a third type of category under consideration, which is to 
fill in the gaps where there is no seismological station. This area 
exists on the earth and is important to a study of the overall seismic 
problem. 

Representative Hosmer. Are any of these 50 stations in the Iron 
Curtain countries? 

Mr. Beyer. We have not come to any final statement with regard 
to which stations would be involved and those not. If they are willing 
to share data with our scientists the same way as they do right now on 
seismic information, there would be no harm in exchanging equipment 
with them or providing them with equipment. What we are trying 
to do is to get as much basic data from useful observation points as we 
can. 

Representative Hortirietp. Mr. Beyer, I think we could get this 
information in the shape that the committee needs it by taking the 
recommendation of the Berkner report. Do you have it there handy? 

Mr. Breyer. No, sir; I do not. 

Representative Hoiirretp. We will furnish you a copy. 

Refer to page 15, please. Starting with the first item, equipment of 
selected stations with modern seismic equipment. 

Mr. Breyer. That is the item. 

Representative Hottrretp. The Berkner report asked for $1,250,- 
000, and you have provided $700,000. Is that right? 

Mr. Beyer. That is right. 

Representative Hoxirretp. That is for the first year, of course. 

Mr. Bryer. Yes. 

Representative Hotirretp. And they ask for a million for the second 
year. 

Mr. Bryer. May I add a point here. There is also $50,000 set up 
to get the proper selection and study made. So if you would care to 
lump these two together it is $750,000. The funds were made availa- 
ble in late December, so the annual rate would be double this, but the 
amount for the overall of 1960 would be obviously $750,000. 

Representative Houirietp. Let us take the next one, the study of 
sheer waves, $250,000. How much has been allocated for that? 

Mr. Beyer. I think we better have Dr. Romney interpolate be- 
tween some of these items because they are culled out slightly differ- 
ently and I think he can help us here. This comes under our task IT 
research program area. 

Dr. Romney. Lumping the two items, the study of sheer waves and 
identification from aftershocks together, these are being conducted 
as a single study, we have allocated $400,000. 

Representative Houirretp. So you have allocated actually $75,000 
more there. 

Mr. Romney. Yes. 


Representative HoLiFiELp. Let us take the next period, long period 
surface and body waves, that is $1 million for the first year. 
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Mr. Beyer. The problem we are having, Mr. Chairman, is that the 
general categories listed in the Berkner report have been further 
subdivided under these tasks, and as a result we cannot correspond 
exactly with the dollars, but I think we can for the overall program. 
We can give you for the record a complete story. 

Representative HoxiFieLp. Can you give us for the record a break- 
oan on the recommendations with corresponding allocations of 

unds? 

Mr. Bryer. I think so; yes, sir. (See attachment 6, p 434.) 

Representative Houirietp. Also the amount of contracts which 
have been let against each specific item and the date of the completion 
of the contract. If you are negotiating contracts in the field you 
might just note that you are negotiating. It is of no particular impor- 
tance to us as to who the contractors are or who you are negotiating 
with at this time. We only seek to get an overall comprehension of 
the magnitude of the program in relation to the program advocated, 
and also the breakdown as to the different sections so we know what 
areas you are exploring and what areas have not yet been covered. 

Mr. Bryer. Yes, sir. May I point out that in this basic research 
area under the funding in fiscal 1960, $2,350,000 is available. The 
amount obligated at this time is $2,258,000. 

Representative Hourrietp. So you have obligated practically all 
that is available. 

Mr. Breyer. Yes; in this area. 

Representative HotirieLtp. That is against the item of $6,575,000 
that has been recommended. You have probably not set up your 
budget for the second year yet, have you? 

Mr. Bryer. May I add one comment to your comment. Some of 
the other items under the detection program which would be part of 
this Berkner item that you referred to are culled out separately in our 
program. I can give you the grand total for all types of research. 

Representative HoLiFreELD. Would that come as against the recom- 
mendation of $22,825,000? 

Mr. Breyer. Yes, sir; it comes under that category. 

Representative Ho.iFiELp. That is the final total? 

Mr. Bryer. Yes; it comes under that. It would fall under your 
$6,575,000 part of it. 

Representative Houtrretp. You say it would fall under that? 

Mr. Bryer. Yes. May I give you then the detection part and the 
basic research part together, which somewhat corresponds with this 
$6,500,000 figure. We have $3,600,000 available there and obligated 
we have $3,492,000. 

Representative Ho.irreLp. Are you comparing that to the $6 
million figure? 

Mr. Breyer. Roughly, yes. That is for 6 months work. 

Representative HoxuirieLp. Then, as I understand it, you have a 
total of $3,492,000, plus $2,350,000 allocated against the $6,575,000 
recommendation of the first year. 

Mr. Bryer. No, sir. I was giving you too fine a breakdown. 
This is my fault. If we do consider the total research program—— 

Representative HotirreLtp. What do you say? We have two items 
here. We have individual research projects and we have system 
development. 

Mr. Bryer. That comes later. 
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Representative HouirreLtp. And we have nuclear and detonations. 
bs have a total of $22,825,000. Tell me where this $3,492,000 
ofisets. 

Mr. Beyer. All right, sir. The $3,492,000 corresponds to the 
general category covered by the $6,575,000 area. 

Representative Ho.ir1eLp. $2,350,000 is part of the $3,492,000. 

Mr. Beyer. Yes, sir. If we go to the system development area, 
this was our task III, under our current program, we have on this 
item $930,000, of which $925,000 has been obligated. 

Representative HouirieLp. You are now speaking of an offset to 
$16,250,000? 

Mr. Beyer. This corresponds to the $4,250,000 item in the left 
column. 

Representative Houir1eLp. Give me that figure again. 

Mr. Breyer. Available $930,000 and obligated is $925,000. 

Representative Ho.irieLp. When were these funds made available 
to you? 

Mr. Breyer. They were made available to us in mid-December of 
last year. 

Representative Hoxirretp. So you have only had about 3 or 4 
months? 

Mr. Bryer. They were made available to AFTAC about the 4th 
of February 1960. 

Representative Houiriretp. AFTAC allocates funds under your 
direction? 

Mr. Beyer. Yes, sir. 

Representative HouiF1ELp. On the $12 million item? 

Mr. Beyer. This one refers to the program of nuclear detonations 
and high explosive detonations, and the fiscal 1960 program provided 
for funds for two shots. One of them was a high explosive shot. 
The other was a nuclear shot. We do not have authority to make 
the nuclear shot at this time. That is that $2,310,000 figure that is 
available for this part of the program. 

Representative HouirieLp. $2,310,000 is available. 

Has any of that been spent in high explosive tests? 

Mr. Bryer. Roughly we have spent $550,000 for equipment which 
would be used to make the necessary measurements which are a part 
of the DOD responsibility. If I may, I would like to talk a bit 
about how these costs are shared. I understand an AEC representa- 
tive will discuss this later in this program. 

Representative HouirieELp. The Cowboy shots were handled by 
AKC funds. 

Mr. Beyer. Yes, sir. Then following this part of the program 
we diverted from the systems cost $195,000, plus some other reserve 
that ARPA had to pay for these four quick studies that were referred 
to, and one of which was mentioned yesterday. 

Representative HotirieLp. A quick computation on my part 
gives me an obligation of $4,967,000 against an available $7.5 million. 

Mr. Brymr. Yes. 


Representative Houir1eLtp. Does that sound about right? 

Mr. Bryer. That is about right, sir. But it is further complicated, 
I am sorry to say, because we received in ARPA a total of $8,645,000, 
and some of these other funds have gone into high altitude studies, 
into quick studies apart from these four that I mentioned. So we 
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can give you for the record a complete story of where we stand on this 
program. (See attachment 6, p. 434.) 

Representative HouirreLp. That will be fine. 

Mr. Bryer. It is very complex, I am sorry to say. 

Representative Hotirretp. That will include the completion date 
for the studies, and so forth, I suppose. 

Mr. Bryer. Yes, sir. 

Representative Houirretp. There are no line items in the physical 
1961 budget, are there? 

Mr. Breyer. That is correct. In the ARPA submission to Congress 
it was prepared too late. I am sorry. The budget submission was 
prepared prior to the assignment of the project to ARPA so it is not 
included in the congressional submission by ARPA through the 
Department of Defense. 

Representative HotrrreLp. So this will have to be absorbed out of 
the bulk research and development moneys of the Department of 
Defense. 

Mr. Bryer. On this point I cannot speak because it is under active 
consideration right now. In fact, today in the office they are putting 
together a statement for consideration by top members of the Depart- 
oe of Defense and possibly the principals will discuss this question 
also. 

Representative Hotirretp. One of the reasons I am questioning 
you on this is that we had thought about putting a line item in our 
authorization bill which we have just voted on in the committee so 
the project would have a little more importance attached to it. It 


would look important enough to Congress to ask for a line item on the 
matter. 


Mr. Beyer. Yes, sir. 

Representative Ho.tirretp. I am wondering what the future plans 
are. We do not have the Defense Department budget, of course. I 
think a line item more properly should be in the defense budget rather 
than in the AEC budget under ordinary areas of activity. I wonder 
why this was assigned to ARPA. What was the thinking back of 
assigning this to ARPA? 

Mr. Beyer. I think one of the reasons is that ARPA works in very 
close contact with Dr. York. It is part of his staff. It has an oppor- 
tunity to work closely with other Government agencies at top level 
and to work with all three services. 

In addition, it has been able to move rather quickly on previous 
programs. I think a number of the space programs were started in 
ARPA when that was part of our general mission. 

Representative Ho.irretp. They have been taken away from 
ARPA? 

Mr. Breyer. They have been transferred. 

Representative HotirieLp. To NASA? 

Mr. Bryer. In part. Partly to the Air Force. The general 
concept of operation of ARPA is to get a program started and then 
to move it out as soon as it is well in hand, except for programs which 
go across the board in all three services. One example of this is the 
solid propellent basic research project known as Principia. It is of 
interest to all three services and it provides a means of focusing atten- 


tion in one area in the Department on this type of basic research 
problem. ° 
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Representative Houirretp. I am surprised that NASA has not 
absorbed this from you in view of its ability to attract projects in the 
scientific field, and also in view of its budget, better than $950 million, 
which was granted. 

Mr. Beyer. I was responsible initially for the Saturn program before 
it was transferred and we were pleased to see it go because it now has 
a great deal of financial support which could not be made available 
out of the defense budget. 

Representative Hoxirretp. Would this different placement be an 
indication that if this project was transferred to NASA it might get 
a little more attention? 

Mr. Bryer. I don’t think so, necessarily, because we have prelim- 
inary information that indicates that the Defense Department will 
adequately support this project and has already taken active steps 
to get it started. That is not a firm commitment because the final 
answers are being worked out right now. 

Representative Durnam. Was this decision made at the policy 
level? 

Mr. Beyer. Which one, sir? 

Representative DurHAm. To continue this program that you have 
outlined. 

Mr. Beyer. The Vela Hotel area policy decision, which is the satel- 
lite part of it, has not yet been made. The report is under review 
at the present time. My understanding is that the Vela Uniform 

ortion definitely will be funded, and that the Vela Sierra, or surface 
ased, high altitude detector program will definitely be funded. 

Representative HouirieLtp. I remember the days when the NASA 
was operating on about five or six words in the appropriation bill. 
We pulled that out and gave it importance by authorizing that 
agency. It looks to me that the Department of Defense, or some- 
body down there, ought to pull this together and get it on a line 
item basis as soon as possible. It is a poor way to finance an im- 
portant project in my opinion after some 18 years experience around 
here. There are always loose ends and you always have to go to 
somebody to beg for money, and it takes a lot of time. It is beund 
to take up a lot of time for somebody, conferring all the time and so 
on. We are in this field and I think we are in it definitely for a long 
time to come. 

Mr. Beyer. I think I cannot speak as to what method. 

Representative HouirieLtp. | am not asking you to speak. I am 
just expressing my Own opinion. 

Mr. Bryer. Thank you. 

Representative HouirieLp. I have had experience on both sides, 
the Defense Department and here too. You should put it in one 
place or another and get a line item for the project. 

If there are no further questions, Mr. Beyer, we will excuse you 
at this time. Thank you very much. 

Mr. Beyer. Thank you, sir. 

Representative Hotirretp. We will expect those materials that 
you promised us as quickly as possible, so we can go to print. 

Mr. Beyer. All right, sir. (See attachment 6, p. 434.) 
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(The prepared statements of Mr. Beyer follow:) 


STATEMENT OF CARLTON M. Beyer, ARPA, “GENERAL RESEARCH PROGRAM 
REQUIREMENTS FOR ANY AGREED-ON PERIOD OF COOPERATIVE RESEARCH” 


I have been asked to discuss the requirements for a program of cooperative 
research. Such a program was mentioned as a coordinated research program 
in the statement recently issued by President Eisenhower and Prime Minister 
Macmillan. The words “coordinated research” are being used to describe a 
concept that has been proposed under which each participating nation would 
let the others know of its plans and experiments, share data from these experi- 
ments, and compare results obtained from them. Under a coordinated program 
as currently envisaged, one nation would not approve another nation’s plans, 
experiments or resulting reports, Each participating nation would keep the 
other informed of all tests and make it possible for others to observe and partici- 
pate in such tests. The coordination between participating nations could be 
accomplished by an Information Exchange Group made up of technical and 
scientific personnel who might report to the Control Commission. This approach 
would have to be considered and approved at Geneva. 

Joint research tasks are not excluded from the concept of a coordinated re- 
search program. However, it should be noted that joint efforts would require 
the approval of the participants with the result that the administrative procedi:res 
would probably be more time consuming than those associated with a coordi- 
nated program. 

Underground detection improvement is receiving active consideration under 
the coordinated approach. There is no comparable program being considered 
for the detection of nuclear detonations on the surface or in the atmosphere 
because the detectability of these blasts at present is considered fairly satisfactory. 
However, some additional research and development effort will be required 
before an adequate capability of detection of nuclear detonations in space can 
be assured. The problem of detecting high altitude nuclear detonations can be 
separated into two parts: the first involves the use of detection instruments 
located on the surface of the earth, and the second involves the use of space 
based or satelliteborne detectors. 

Now that the various elements of the coordinated program have been men- 
tioned, I would like to comment briefly on how the current U.S. research and 
development program is being undertaken. Two developmental approaches are 
being pursued concurrently. One approach consists of methodical investigation 
across broad technical fields with the objective of yielding results in the nature 
of major technological breakthroughs over a period of years. The other approach 
consists of immediate acceleration and emphasis of work on selected problem 
areas and is designed to yield many significant improvements of a specialized 
nature within the next year or two. Under the latter approach, duplicate effort 
would be placed on areas in which early improvements are most likely. 

In undertaking a research and development program involving underground 
and high altitude detection, it is essential to consider the type and availability 
of the technical talent that can assist in making rapid progress. Use is being 
made of many highly qualified scientists and engineers in university, industry, 
and Government organizations. Increased use will be made of many other ex- 
perts and specialists in related technical fields. 

I would now like to summarize Project Vela, which is the current U.S. program 
of research and development being undertaken to improve the detection of nuclear 
detonations occurring under the ground and in space. The basic responsibility 
for this program resides in the Department of Defense, and is being conducted in 
cooperation with the Atomic Energy Commission, the Departments of Commerce 
and Interior, and the National Aeronautics and Space Administration. 

Within the Department of Defense, Project Vela was assigned to the Advanced 
Research Projects Agency on September 2, 1959. The project is divided into three 
parts, and the following names have been assigned: 

“Vela Uniform’’ for the detection of underground detonations. 
“Vela Sierra’”’ for surface based detection of high altitude detonations. 
“Vela Hotel’’ for space based detection of high altitude detonations. 


VELA UNIFORM 


The first task is being conducted by the Coast and Geodetic Survey and is 
intended to provide a source of standardized quantitative seismic data on a world- 
wide basis. This will be accomplished by providing a number of the world’s 
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seismological research stations with standard, calibrated instruments, to be main- 
tained and operated by them as part of their normal routine. The data accumu- 
lated at these stations would be exchanged freely among seismologists throughout 
the world. ‘fo accomplish the first step in this endeavor, the National Academy 
of Science has established a committee of eminent seismologists, who are currently 
preparing a report recommending the specifications for the standard equipment. 

he U.S. Coast and Geodetic Survey of the Department of Commerce will procure 
this equipment and arrange for its distribution. Procurement and distribution 
is expected to commence in midyear for the first 50 sets of equipment. 

Task 2 entails the establishment of a large scale basic research program on the 
generation and propagation of seismie waves. This is deliberately intended as a 
stimulation of basie research in the area of seismology, with eventual long-term 
benefits to the detection problem. Task 2 also consists of a project of a some- 
what more applied nature. This aspect involves the investigation of new types 
of seismic instruments as well as their use in complex arrangements and in loca- 
tions such as deep in the earth’s crust. 

Under task 3, in order to make an immediate attack on the requirements for 
and the detailed characteristics of a system of stations intended for the detection 
of underground nuclear detonations, it is planned to build and operate two proto- 
type detection stations: one based on the equipment recommended by the Geneva 
conference of experts, the other containing the improvements recommended by 
the Berkner panel. Although these stations are expected to serve as prototypes 
for a final system, they will also be used as the stations for the trial application of 
new techniques resulting from more basic elements of the program, and for the 
study and application of refined system techniques such as data processing and 
analysis. 

In task 4, a series of underground nuclear and high explosive detonations have 
been recommended to provide research data on underground explosions and to 
test components of a possible control system. These should be conducted in a 
variety of geological environments, calculated to increase our understanding of 
the variation in seismic signals resulting from underground weapon tests. 

In addition to the long-term program, specific short-term studies are nearing: 
completion on the following subjects: 

(a) A review of the feasibility of utilizing unmanned seismic stations to extend 
the capabilities of a detection network. 

(b) A systematic review of earthquake statistics, and the criteria for differ- 
entiating between earthquakes and explosions. 

(c) A study of the feasibility of utilizing large arrays of seismographs to in- 
crease the detection sensitivity of a detection station. 

At present the fiscal year 1960 program for Vela Uniform involves $8,535,000 
which includes $2,310,000 for planning test shots, if approved. 

The entire program is in consonance with the objectives given in the Berkner 
report. It has been reviewed by the Ad Hoc Group on Seismology formed by 
Dr. York and more recently by the Ad Hoe Panel on Seismic Research and 
Development chaired by Dr. Panofsky. 

This most recent review resulted in suggestions for improving the accelerated 
Vela Uniform program. Plans for implementing these suggestions in fiscal year 
1960-61 are under active consideration. 


VELA SIERRA 


The second part of the Vela project, known as Vela Sierra, consists of research 
and development aimed at improving the detection of high altitude nuclear 
detonations using instruments located on the earth’s surface. 

Several techniques for the detection of high altitude detonations with instru- 
ments located on the surface of the earth are potentially available; however, 
there is a need for additional research and development to develop these into 
useful components of a detection system. Two of the promising areas involve 
the use of optical and electromagnetic methods. I will mention these briefly 
since the technical experts will discuss them in greater detail during these hearings. 

Optical methods——There are two techniques available which depend «n the 
detection of visible light. One measures the light emanating directly from the 
explosion. The other measures the fluorescence or glow of the upper atmosphere 
which results when the radiation from the nuclear detonation interacts with 
atmospheric molecules. Although the basic phenomena which occur in each 
case are relatively well known, the effects of the natural phenomena must be 
better understood before detection instruments can be developed which are 
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reliable enough to be used in a control system. Specifically, lightning flashes, 
the aurora, and the presence of the clouds which obscure the view of the instru- 
ments, will adversely affect their performance. 

Electromagnetic methods.—The detonation of a nuclear weapon is accompanied 
by the emission of a radio signal. Detection of this signal by a suitable radio 
receiver appears to be an attractive possibility. Before this signal can be used, 
two things must be better understood: First, there has to be a better understand- 
ing of the frequency and time characteristics of the emitted signals; secondly, 
the natural atmospheric noise generated by lightning storms has close similarity 
to the signal that is to be detected, and methods for discriminating between the 
detonation signal and the natural background must be devised. 

The propagation of radio signals between points on the surface of the earth 
or from outer space is significantly affected by the ionized regions of the upper 
atmosphere called the ionosphere. After a nuclear detonation has taken place, 
radio signals may be absorbed, the direction of propagation may be changed, and 
the signal may be scattered, depending on the degree of ionization, its distribution 
in space, and the frequency of the radio waves. In principle, these modifications 
to radio propagation conditions can be detected, and used as an indication that a 
nuclear detonation had occurred; however, natural perturbations also occur in 
the atmosphere. These natural perturbations result from solar flares, meteors 
and auroral activity. Before this approach can be used, it will be necessary to 
understand more about natural variations in the ionosphere and radio signal 
prpegnn conditions. 

With the examples that I have discussed very briefly I have tried to show several 
of the approaches being considered under the Vela Sierra program which is just 
getting underway. Funds for commencing this work were received 2 weeks ago 
and are in the amount of $1,050,000. Additional work is planned. 


VELA HOTEL 


The third part of the Vela project is known as Vela Hotel. This portion of the 
project consists of research and development associated with space-based tech- 
niques for detecting nuclear detonations which occur in outer space beyond the 
effective range of the surface based detectors just discussed under Vela Sierra. 
The method most likely to be employed requires the detection of signals generated 
by detonations in space with special instruments mounted on satellites, and then 
relaying the information to ground stations. 

At present, the use of X-ray, gamma-ray, and neutron detectors appears to 
offer the best approach for early development of a practical operational system. 
The ability to detect a nuclear detonation by this method is dependent on at least 
the following factors: 

(a) The amount of radiation emitted from a nuclear detonation. 

(b) The distance between the detonation and the detection system. 

(c) The natural radiation background or environment in which the detection 
system is operating. 

(d) The sensitivity of the detection system, sensors, and associated electronic 
instrumentation. 

(e) Any shielding or other countermeasures which might be employed to 
conceal the nuclear detonation. 

In order to be able to build and operate an effective space-based detection 
system, it will be necessary to investigate each of these factors. A research and 
development program oriented to accomplish this would include: 

(a) Study and examination of the basic mechanisms of nuclear weapon detona- 
tions in space. This will result in a refinement of our understanding of the 
detectable radiations emitted and may lead to the discovery of new and more 
effective detection methods. 

(b) Determination of the natural radiation background in space where satellite- 
borne detection systems are to be located. 

(c) A large effort on the improvement of X-ray, gamma-ray, and neutron 
sensing devices with particular emphasis on advanced techniques. 

(d) In conjunction with the work on detectors, considerable effort on the 
electronic equipment which analyzes the signals detected. This signal analyzer, 
or logics as it is sometimes called, provides the capability of discriminating against 
natural background signals. 

(e) Research on promising detection schemes other than those derived from 
sensing X-ray, gamma-ray and neutron signals. Included in the approaches to 
be investigated are the detection of: air fluorescence, direct visible light, other 
electromagnetic signals such as radio waves, and light scattered by the bomb 
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debris. The objective of this work would be to devise improved techniques which 
would lead to more effective detection capability. 

(f) Thorough investigation of all aspects of equipment reliability. The 
objective is to increase the useful operating time of the equipment. This will 
tend to reduce program costs since the required testing and acquisition of data 
san be achieved with fewer replacement parts and in less overall time. 

(g) Study and research for countering any techniques for concealment which 
might be utilized to mask a nuclear detonation from a surveillance system. 

I have made no reference to the space vehicles required to place the detection 
payload into orbit. Vehicles developed under existing programs appear to be 
suitable. The information regarding Vela Hotel which I have just discussed was 
derived from a report recently prepared by a technical working group established 
by ARPA. Participating on the working group were technical personnel from the 
USAF Ballistic Missile Division, Atomic Energy Commission, National Aero- 
nautics and Space Administration, and associated contractors. The coordinated 
report was completed roughly 2 weeks ago and is now undergoing review by the 
agencies involved. 

A decision with regard to action to be taken on this program will be made in the 
near future. In the meantime, the Department of Defense has initiated the 
necessary planning in conjunction with the AEC and NASA to flight test appro- 
priate experimental gear as piggybacks on forthcoming DOD and NASA space 
probe and satellite flights. 

SUMMARY 





In summary, I would like to say that ARPA, in the Department of Defense, is 
vigorously prosecuting the Vela project in conjunction with the AEC, NASA, 
the Departments of Interior and Commerce, and with substantial assistance from 
universities and industry. The Vela Uniform program is well underway. The 
Vela Sierra program is funded and just getting started. A comprehensive study 
has been made of the Vela Hotel problem and the resulting report is being actively 
reviewed by top level Department of Defense, Atomic Energy Commission, and 
National Aeronautics and Space Administration personnel. 


STATEMENT OF CaRLTON M. Bryer, ARPA 
















Subject: Discussion of Geneva-type International Control System now possible 
under present state of knowledge—Requirements (dollars and manpower) 
for the underground and space systems. 

I have been asked to speak on the requirements in terms of dollars and manpower 
for the underground and space systems of a Geneva-type International Control 
System. 

The ARPA responsibility that was assigned by the Secretary of Defense and the 
Director of Defense Research and Engineering is for research and development to 
improve our ability to detect nuclear detonations underground and in space. 
ARPA is not responsible for the construction, staffing, or operation of a control 
system, but only for the underground and space research and development aspects. 

For assistance in this hearing, estimates have been obtained from previously 
prepared studies that reflect the general magnitude of the cost and effort required 
to establish a control system for detecting nuclear detonations underground, in 
the atmosphere and at high altitude. These estimates are likely to be affected 
by further negotiations at Geneva and to the cost of R. & D. on space satellites 
or the use of space satellites, nor did they include R. & D. on underground detec- 
tion. The estimates presented may be reduced if detection technique break- 
throughs are achieved as a result of the research and development under Project 
Vela in the Department of Defense, or they may be increased if techniques for 
concealing nuclear detonations are improved. 

It should also be understood that since a number of details regarding the control 
system have not been agreed on at Geneva, the estimates cannot be precise and 
are likely to be changed significantly as a result of further negotiation. 

In order to install and operate a worldwide control system quickly and effec- 
tively, the proper detection equipment, an efficient organization with excellent 
interunit communications, and clear, previously agreed-upon rules and procedures 
are required. 

If implemented the overall responsibility for the control system would be 
exercised through a multination control commission to which the Administrator 
for the Control System would report. He would be located at system headquarters. 
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Headquarters—The system would be controlled from headquarters where a 
data analysis center, a research office, and a central laboratory would be located. 
Also several staff offices would be required. 

Regional offices.—Regional or intermediate offices are envisioned for the admin- 
istrative supervision and logistic support of control posts. 

Control posts—In areas subject to few earthquakes, control posts would be 
spaced at 1,700-kilometer intervals. 

Where there is considerable seismic activity, the control post spacing should be 
about 1,000 kilometers. In ocean areas, the ship and island control posts would 
be spaced between 2,000 and 3,500 kilometers apart. 


Number of control posts 
On continents 
On targe wodamlo Mlnnds wisii4 2 cb eh de oi UL a 
On small oceanic islands 
Obl COSAM WOMOMi sce 200 ecu ewe lui elebcee. de 


Total____ 


The techniques employed in a control post consist primarily of sensing devices 
or instruments that record disturbances of the earth or atmosphere. ‘The record- 
ings of several techniques and several control posts are analyzed and compared, 
to determine whether a disturbance was natural or man-made. Such a determina- 
tion is not always possible, particularly if the disturbance is of low magnitude or 
low yield. To assist in this determination, inspection teams will be used to 
investigate sites of suspected nuclear explosions. The inspection teams should be 
located at selected regional offices and land control posts in such a way that the 
inspection teams would have prompt access to suspected sites and should be 
equipped to complete the inspection. The number and makeup of the teams are 
still under discussion at Geneva. Aircraft are to be used that are equipped with 
devices for taking samples of atmospheric debris. (Similar devices are also 
located at each control post.) These samples are then analyzed to determine if 
they include any nuclear debris and, if so, if such nuclear debris is of recent origin. 
The system described so far does not provide for detection of nuclear detonations 
in R. & D. for space detection, particularly the use of satellites, is being studied 
by ARPA. Also, further research is in progress on underground detection. I 
will cover these points in more detail later. 

Communications system.—Rapid and reliable communications will be required 
to transmit data messages to the Headquarters. These requirements will probably 
necessitate the use of radio. 

Personnel.—It appears that a limited number of technically trained personnel 
is available for many of the positions in the system. An extensive training 
program would be required. Since a number of nations would be involved in the 
control system, all rules, procedures and communications would have to be 
designed so that the several languages would pose no barrier. 

It is estimated that approximately 20,000 people may be required to establish 
and operate the system, excluding space detection. The great majority of these 
people will be required in the control posts as technicians and as support personnel. 
A control post would have approximately 30 to 35 technieians with number of 
additional support personnel that would depend on the remoteness of the post 
from support resources. The system headquarters may require 1,500 to 2,000 
personnel, the majority to be employed in the analysis of data submitted by the 
control posts. Other personnel requirements will be in the fields of air operations, 
regional offices, ships and communications. 

Cost.—It is estimated that the International Control System, without satellites, 
will cost the participating governments in the neighborhood of $1 billion to 
establish and $250 million a year to operate. It would cost the United States 
from one to several million dollars to establish a control post depending upon the 
climate and support resources available locally. The final siting of a control post 
will of course determine the cost. The final site cannot be determined until 
detailed map studies and visual and instrument surveys have been made and the 
results analyzed. In the establishment of a control post, we must consider such 
things as building materials, construction, fuel storage, heating facilities, pole 
lines, electric power, water wells, communications, technical equipment, housing, 
dining facilities, transportation, initial supply and resupply, and roads. 

In some cases, control posts will have to be completely self-sufficient. The 
annual operating costs will consist largely of salaries but will cover also such 
items as resupply of technical and other equipment and supplies, transportation, 
research and development and training. 
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Space-based detection system.—I can only speak in general terms about the 
space-based operational detection system, since the detection capability require- 
ments have not yet been established for this environment. The detection 
effectiveness of satellite-borne detectors is a function of the instrumentation’s. 
sensitivity and ability to discriminate between signals produced by a nuclear 
detonation and by natural background phenomena. It is possible to obtain 
various limited levels of detection capability over the next few years. However, 
by conducting necessary research and development, detection effectiveness can 
be rapidly improved with time. 

Surface-based high-altitude detection system.—A capability to detect nuclear 
detonations to a limited distance from the earth can be achieved by using 
detection instruments located on the ground. These instruments would be 
located at the control posts. 

Underground.—The resource estimates I have indicated and the system I have 


described includes undergound detection techniques based on the present state 
of the art. 


In summary.—Approximately 20,000 people would be required to operate a 
control system capable of detecting underground, surface, and atmospheric 
detonations. The cost of establishing the system would be approximately $1 
billion, take about 6 years to establish, and the annual operating cost would be 
roughly $250 million. All these costs would be shared by the participating 
countries. These estimates specifically exclude outer space detection that 
requires the use of satellites. 

Representative Ho.irieLp. I am going to try to expedite the rest 
of the afternoon. I understand some of you gentlemen have to 
catch planes. So all of the witnesses come to the table. Our next 
witness is Dr. Richard Latter of the Rand Corp., who recently has 
been appointed to the Ad Hoe Group of Seismic and High Altitude 
Detection to the Department of Defense. 

Dr. Latter will testify on the needs for explosions in the research 
program. A later witness, Dr. Gerald Johnson, of the Lawrence 
Radiation Laboratory at Livermore, will discuss nuclear explosions 
for research. 

Dr. Romney was to follow Dr. Latter, but has another meeting to 
attend and has asked to be excused. You may proceed, Dr. Latter. 

Dr. Larrmr. Yes, sir. There is a slight point. I will also talk 
about the need of chemical versus nuclear. 

Representative Hotirie.p. Dr. Romney, we will excuse you if 
you are needed at another meeting. 

Dr. Romney. I would appreciate it. I have prepared a statement 
which could be submitted for the committee (p. 396). 

Representative HoLiF1eLp. We certainly appreciate your testimony, 
Dr. Romney. You submit that to the staff and we will include it in 
the record and forgo the opportunity of questioning you. 

Dr. Romney. Thank you. 

Representative Hosmer. Before he gets away I would like to ask 
if he or any of the other witnesses in light of all this testimony regard- 
ing the necessity for a research program and the amount of money 
that would have to go into the project, and so forth, all of this pre- 
supposes that even if you could instantaneously manufacture and 
place in operation a detection system based on present knowledge, 
it would not be a detection system so far as underground or space 
shots are concerned that would deter cheating. Does anybody dis- 
agree with that? 

Dr. Romney. No. 

Dr. Jounson. No. 

Dr. Latter. No. 


55625—60—pt. 126 
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Representative Houttrretp. Before you leave, Dr. Romney, do you 
feel that your seismological program, the part that you are responsible 
for, should have a more aggressive and vigorous support? 

Dr. Romney. Sir, it has gotten off to a good start now. It is 
going about as fast as we can handle it at the present time. However, 
it has been recommended that if we wish to accomplish specific 
objectives in a shorter time the program could use additional money. 

Representative HoLir1eELp. You have submitted those recommen- 
dations? 

Dr. Romney. We have worked with ARPA on preparing this kind 
of a recommendation; yes. 

Representative HouirieLtp. I wonder if we could have copies of 
your submission on that point. Would that be a matter of contacting 
ARPA? 

Dr. Romney. I believe it should come through ARPA since they 
are responsible for the budget. 

Representative Houir1eLp. We will, at a later date, make that re- 
quest of Mr. Beyer. 

Representative DurHAMm. In making that statement, Doctor, does 
that mean a requirement of more funds or requirement of more 
seismologists and scientific personnel? Which is the most important? 

Dr. Romney. There certainly is a limited number of people trained 
in seismology at the present time. However, there are related 
scientific groups in industry who could participate actively in the 
program if we solicited their help.’ The oil industry, for example, 
through their prospecting efforts have a manpower pool of talent 
which could be tapped and has not been tapped. 

Representative Duruam. Those are primarily the people who 
would make the instruments. 

Dr. Romney. Instruments, and also theoretical people. 

Representative DuraAamM. Thank you very much. 

Representative Houtirietp. The Chair is going to reserve the privi- 
lege of scrutinizing these various statements and including particu- 
larly Dr. Romney’s statement which we have not heard, with the idea 
in mind of possible letters for either clarification or expansion of points 
that are brought up. The Chair wishes to say again that the witnesses 
that have been before us will have the opportunity, as I promised 
them, of submitting additional material for clarification or even 
material which they think would be of benefit to the committee on 
any of the points brought up during the testimony. 

(The statement of Dr. Carl F. Romney follows:) 


Seismic MEASUREMENTS OF LARGE EXPLOSIONS 
(By Dr. Carl F. Romney, Air Force Technical Application Center) 
I. THE NEED FOR AN EXPLOSION PROGRAM 


The present difficulties in detecting and identifying underground nuclear explo- 
sions can best pe overcome by finding, in the seismic waves produced by explosions, 
some characteristic which is not produced by any natural earthquake. If such a 
characteristic signal could be found, and the seismographs of the control system 
recorded this signal, inspectors could be dispatched to the scene to see if the 
explosion was produced by a nuclear reaction. To date no such characteristic 
signal has been found. 

Our present state of knowledge requires that all seismic disturbances be treated 
as potentially suspicious occurrences unless, through a process of careful study, 
we are able to identify certain of these disturbances as having originated from 
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natural causes. A few characteristics are known which can be used to make such 
an interpretation. For example, if it can be shown that the point of origin was 
deeper than can be reached by drilling techniques or if it can be shown that the 
sarth initially moved inward toward the source, then there would be a high degree 
of confidence that the event was a natural earthquake. However, except for very 
large disturbances, most of the natural seismic eyents will remain in an ambiguous 
“unidentified”’ category. 

Onsite inspection has been suggested as the means for further characterizing 
events in the unidentified category. It is doubtful, however, that small earth- 
quakes in general produce effects which can be interpreted by onsite inspection 
as unambiguous evidence that the source of the disturbance is, in fact, a natural 
sarthquake. Therefore the class of unidentified events will seldom be reduced in 
size by inspection except in those cases where the inspectors are able to find proof 
that an explosion has occurred. A typical onsite inspection can be expected to 
result only in the conelusion that it has not been proved that an explosion occurred. 
The degree of confidence with which it could be stated that the questionable event 
was probably natural will depend critically on the vigor of the inspectors and the 
thoroughness of their investigation. 

The most effective way to improve the capability of the control system is to 
find means to reduce the number of events which require inspection. Thus the 
development of criteria for characterizing explosions, as well as the development 
of additional criteria for characterizing earthquakes, is fundamental to the nuclear 
weapons control problem. In view of the present status, it is clear that additional 
measurements of seismic waves generated by large explosions will be required. 


II. RESEARCH OBJECTIVES 


Our ability to predict the capabilities of proposed systems for seismic detection 
and identification of underground nuclear tests, and to properly develop and 
evaluate improvements of such systems, is dependent upon a significant increase 
in our understanding of the seismic motions at all distances from underground 
nuclear explosions. The ‘“‘Report of the Panel on Seismic Improvement,” chaired 
by Dr. Lloyd V. Berkner, included the following: 

“Our knowledge of seismic wave generation by large explosions, particularly 
nuclear explosions, is very limited. Only three completely contained underground 
explosions with yields greater than 1 kiloton have been fired, all under very similar 
environmental conditions. The parameters that can significantly affect the mag- 
nitude and type of seismic effects produced by nuclear explosions should be experi- 
mentally explored so that theories can be developed which will permit reasonable 
confidence in our understanding of these parameters and deductions about them. 
The following parameters require study: 

‘‘(a) Dependence of spectra of body and surface waves on yield of the explosion. 
“*(b) Dependence of seismic wave excitation on the medium surrounding the 
shot. 

““(c) Effect of depth of burial. 

““(d) Effect of local environment such as shot-cavity size and shape. 

‘““(e) Effect of local geology and topography.” 

In addition to those studies quoted above, further investigations should be 
made of: 

(a) Variations with distance of the amplitudes of the several types of seismic 
waves. 

(b) Variations in the size and frequency of seismic waves due to the type of 
explosive used, i.e., nuclear versus chemical explosives. 


Ill. MEASUREMENT PROGRAM 


1. The primary seismic data for use in developing improved detection and 
identification methods will be derived principally from temporary observatories 
established at locations determined by the specific nature, location and size of the 
shot. It is necessary to establish temporary observatories because the existing 
seismological observatories will usually not be located at the desired distances 
and directions from the explosion. In addition, few of the existing stations are 
equipped with instrumentation which is adequate in frequency response or in 
precision of calibration to meet the requirements of the research program. At 
some future time, more reliable and useful data of a supplementary nature will 
be recorded at the reequipped standard observatories of the world. For the 
foreseeable future, however, a typical measurement program will consist of the 
following field programs: 
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(a) Close-in measurements 


The accelerations, velocities, strains, and pressures caused by an explosion 
will be measured with instruments placed in boreholes above, below and _hori- 
zontally surrounding the shot, at distances from a few feet to a few hundred feet. 
The resulting measurements will be used to test theoretical predictions regarding 
the basic explosive phenomenology. When suitable theories have been developed, 
and proved, it will be possible to predict effects at other yields and in other media, 
thus reducing the number of shots required. 


(b) Intermediate-range measurements 


At distances from about 1,000 feet to perhaps 50 miles, along the earth’s sur- 
face, strong-motion acceleration and velocity measurements will be made in the 
frequency range below 100 cycles per second. The resulting data will be used to 
measure total energy input into seismic waves and to test theories on waveform 
distortion over relatively simple paths. About six strong-motion stations and six 
sensitive seismograph stations will be required. 


(c) Long-range measurements 


Twenty stations will be established at distances beyond 50 miles and extending 
to 2,000 or 3,000 miles. Generally, the stations will be equipped with both short- 
period (about l-second) and long-period (greater than 10 seconds) seismographs. 
As time and funds permit, recording systems will be converted from photographic 
to tape storage units to simplify performing more complex analyses. The majority 
of the improvements in detection will result from this data. 

2. In addition to the measurements discussed above, which are directed pri- 
marily toward fulfilling fundamental research requirements, operational tests of 
detection stations and equipment should be conducted. These programs include: 


(a) Test of conference of experts network 


A system should be established consisting of perhaps six stations employing all of 
the equipment recommended by the Geneva conference of experts. In addition 
to providing basic research data of high quality, the stations will provide a defini- 
tive test of the capability of a control system constructed according to the recom- 
mendations of the conference of experts. 


(b) Test of unmanned stations 


The utility of simple, unmanned stations can be investigated through and 
operational test involving small (10-30 tons) explosions, although valuable data 
may also be obtained from larger explosions. Such stations have been suggested 
as a means to supplement the control system recommended by the conference of 
experts. 


(c) Test of manned simplified control stations 


Supplementary stations, perhaps consisting of all equipment recommended by 
the Conference of Experts except the arrays of short-period seismographs, should 
be tested. 


(d) Test of new devices and techniques 


Improved seismographs, larger arrays, deep-hole detectors, ete., as well as 
improved analytical techniques for determining the nature of a seismic source 
should be operationally tested as soon as they are available. 


IV. SCHEDULE AND COSTS 


A field measurement program of the size and complexity discussed in paragraph 
III. 1., above, could commence about September 1960. In most cases, it would 
be desirable to wait about 3 months between major explosions to allow time for 
the evaluation of data, reevaluation of plans for future explosions, selection of 
sites for observatories and installation of detection equipment. However, certain 
series of explosions, for example, a sequence of explosions primarily to investigate 
decoupling, could be conducted with relatively short time intervals between shots. 
The field measurement programs will cost about $500,000 to $1 million per explo- 
sion, exclusive of costs for construction, emplacement, and the explosive itself. 

The operational evaluation of control stations and detection systems as discussed 
in paragraph III. 2, above, could not be completed in less than 18 months to 2 
years, primarily because of the time required for constructing the seismographic 
stations. Costs cannot be estimated with precision at the present time because 
certain detection equipment and auxiliary equipment has yet to be developed. 
However, it can be expected that the costs for a reasonably complete program will 
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exceed $10 million in 2 years. About one-third of this cost will be for the con- 
struction and evaluation of the detection performance of model control stations, 
and the remaining two-thirds will be for field measurements. 


Representative HoLir1eLp. So you may proceed, Dr. Latter. 


STATEMENT OF DR. RICHARD LATTER,’ THE RAND CORP. 


Dr. Larrer. Thank you, sir. 

I would like to discuss the questions which can be answered only 
by a research program using underground explosions. I will also 
comment on the specific need for nuclear as opposed to chemical 
explosions. 

he basic problem of a control system is to detect and locate seismic 
events and to distinguish natural earthquakes from underground 
nuclear explosions. Ro do this job we need to have extensive 
knowledge about seismic signals from nuclear explosions. We need 
to know about explosions carried out under the widest variety of 
conditions, including deliberate attempts at concealment. 

But we have, in fact, only very limited knowledge. All we know 
about seismic signals from underground nuclear explosions we learned 
from the Rainier shot and the five Hardtack explosions. All these 
explosions were limited to a unique set of conditions and to a single 
environment. 

Representative Hoxirretp. Would it be a fair question to ask you 
if you are precluded from having nuclear explosions to test the seis- 
mograph readings in different types of underground material, that 
there would be a large area where there would be a vacuum, you 
might say, in the seismological knowledge? 

r. Latter. I will try to answer that in considerable detail a little 
later in my report. 

To be more specific, one of our most urgent needs is to learn more 
about the peak motion and first motion amplitudes produced by 
underground nuclear explosions. Peak motions are important because 
they are the basis for detection. First motion is important because 
it is our own criterion for distinguishing explosions and earthquakes. 

The Hardtack data are completely inadequate to determine the 
peak signal and first motion amplitudes in the far zone where, in fact, 
most control stations will be located. There is no way to obtain this 
important information without the use of underground explosions. 

Another of our urgent needs involves the so-called diagnostic aids. 
From these must come most of the improvements in the system. 
One of the most hopeful of these aids involves the use of long-period 
surface waves to deduce the cause of a seismic signal. In principle. 
this could be a very effective method. However, we have had a 

revious experience with surface waves and we are now more cautious. 

he so-called surface love ways were conjectured to be characteristic 
only of an earthquake, but, in fact, they were also found in the 
Blanca explosion. 

This example shows us the primitive state of this field and empha- 
sizes the need for more experimental explosions. I will not discuss 
the other aids. There are many more. But each has a large degree 
of uncertainty and all will require underground explosions. 


! See biographical sketch, p. 88. 
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The question naturally arises as to what kinds of explosions are 
needed. Do they have to be nuclear or will chemical explosions be 
good enough? My comments here will be primarily technical, al- 
though it is my understanding that a program of nuclear explosions 
can be undertaken in a substantially shorter time, at less cost and 
probably with greater ease than a program involving chemical explo- 
sions of equivalent yield. 

From a purely scientific point of view, there can be no doubt that 
the optimal approach to learning about signals generated by nuclear 
explosions and to obtaining results directly applicable to the control 
problem is by the direct use of nuclear explosions themselves. 

The reason we are concerned about the difference between chemical 
and nuclear explosions is, first of all, because they are different. 
Chemical explosives are enormously larger, both in mass and volume, 
than the equivalent nuclear charge. Moreover, in nuclear explosions 
much higher energy densities and temperatures and greatly reduced 
amounts of explosion products are produced. We are concerned that 
these differences will lead to different seismic effects. 

At the present time we have only three pieces of evidence bearing 
on the magnitude of the chemical-nuclear difference. First we know 
that the intensity of chemical explosions in air and in water is greater 
by a factor of two than for nuclear explosions of the same yield. 
Similar differences might be expected for explosions occurring under- 
ground. 

A second bit of evidence is the volume of the cavity produced by 
tamped underground explosions. It has been estimated from an ex- 
trapolation of the Cowboy results that the cavities produced by chem- 
ical explosions in a salt medium are two or three times smaller than 
the equivalent Rainier cavity in Nevada tuff. Unfortunately, this 
comparison involves both the difference in medium as well as the 
chemical-nuclear difference. 

A third bit of information is obtained by comparing the seismic 
records from a 50-ton chemical explosion at a depth of 160 feet in 
Nevada tuff with those from the 70-ton nuclear shot Tamalpais at 
330 feet in tuff. This comparison indicates that within experimental 
uncertainty, the signals from these explosions are very similar. eng 
ever, considering both the differences in yield and depth of burial, 
is probably safe to conclude only that the chemical-nuclear difference 
for tamped explosions in tuff is less than a factor of two 

The conclusion that one draws from all this evidence that the chem- 
ical-nuclear difference is a factor of two or so applies mainly to the 
strength of the seismic signal. For identification and for the diag- 
nostic aids, however, it is necessary to consider more subtle features 
of the seismic signal. 

It seems possible that for these purposes the chemical-nuclear dif- 
ference could be much greater. Many of the aids, for example, de- 
pend for their usefulness on the degree of symmetry of the explosion. 
Nuclear explosions are inherently very symmetrical, but it is difficult 
to assure symmetry in the case of large chemical explosions. 

Another difficulty of a more general nature with chemical explo- 
sions is the problem of determining the yield of a tamped chemical 
explosion. If the yield is calibrated by an equivalent chemical ex- 
plosion in air, there will be an uncertainty about how the kinetics of 

the reaction are influenced by tamping. 





~~ ie it. 





T- 


3i0Nn. 
cult 


<plo- 
nical 
l ex- 
es of 


NUCLEAR WEAPONS TEST BAN CONTROLS 401 


We see, then, that all in all there are a number of uncertainties 
about using chemical explosions to learn about nuclear explosion sig- 
nals. The very fact that we are uncertain about the extent of the 
chemical-nuclear difference is a strong scientific justification for hav- 
ing nuclear explosions. 

I would like now to turn to another important problem for the re- 
search program, the concealment problem. Experiments on con- 
cealment have up to now been conducted exclusively with chemical 
explosives. While the theoretical expectations for decoupling have 
been confirmed, there still remain important questions which need to 
be studied. 

One of these is to determine the minimum cavity size which will 
effectively decouple nuclear explosions. Because the difference be- 
tween a chemical and nuclear explosion in a cavity is known to be 
great—known to be great in a cavity—it is likely that this question 
can be answered satisfactorily only with the aid of nuclear explosions. 

Some suggestions that have been made for increasing the decoup- 
ling bevond the present well-established factor of 300 depends specifi- 
cally upon the high energy densities and temperatures associated with 
nuclear explosions. Furthermore, to study the survival of the cavity 
after repeated use, which affects the cavity cost, will require nuclear 
explosions. 

Finally, I would like to mention the problems connected with the 
techniques for onsite inspection. Here again it is likely that results 
would be less meaningful from chemical explosions. Certainly if 
radiological methods are studied. Furthermore a lot more human 
effort is required at the explosion site to set off a chemical explosion. 
A chemical explosion requires a large cavity to contain the large 
volume of high explosive needed to give a yield comparable to nuclear 
explosions. In addition, the transportation and installation of the 
high explosives require considerably more human and engineering 
activity. 

In summary, I believe that underground explosions will be required 
to answer many important questions concerning the control system. 
Some of these explosions may be chemical, but to answer some 
important questions, nuclear explosions are necessary. 

Representative Houirretp. Thank you, sir. 

Representative Hosmer. It just boils down in plain commonsense 
requiring nuclear explosions to find out the effects of nuclear explosions 
which cannot be extrapolated from some unknown factor or another 
kind of explosion. 

Dr. Larrer. That is essentially right. There are things that you 
can learn from chemical explosions that will bear on nuclear signals. 
Scientifically speaking, the best way of learning about nuclear signals 
is through the direct use of nuclear explosions. 

Representative HotirreLp. I would like to ask you to enlarge a 
little bit on your statement that a program of nuclear explosions can 
be undertaken at less cost than a program of chemical explosions. 

I will ask you this question: What would be the cubic size of a mass 
of high explosive which would be equivalent to a 20-kiloton nuclear 
bomb, and what is the comparison in cubic size? 

Dr. Latter. Sir, I believe that Dr. Gerald Johnson is going to 
talk in detail just to your point. 
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_Representative Houirretp. Then we will let Dr. Johnson present 
his statement and if that question is not answered we will come back 
to it. 

(Dr. Richard Latter’s prepared statement follows:) 


THE NEED FOR EXPLOSIONS IN THE RESEARCH PROGRAM 
(By Richard Latter, the Rand Corp.) 


I would like to discuss the questions which can be arswered only by a research 
program using underground explosions. I will also comment on the specific need 
for nuclear, as opposed to chemical, explosions. 

The basic problem of a control system is to detect and locate seismic events, 
and to distinguish natural earthquakes from underground nuclear explosions. 
To do this job we need to have extensive knowledge about seismic signals from 
nuclear explosions. We need to know about explosions carried out under the 
widest variety of conditions, including deliberate attempts at concealment. 

But, we have in fact only very limited knowledge. All we know about seismic 
signals from underground nuclear explosions we learned from the Rainier shot 
and the five nuclear explosions of the HARDTACK series. And these explosions 
were limited to a unique set of conditions and to a single environment. 

To be more specific, one of our most urgent needs is to learn more about the 
peak motion and first motion amplitudes produced by underground nuclear 
explosions. Peak motion is important because it is the basis for detection. First 
motion is important because it is our only criterion for distinguishing between 
explosions and earthquakes. The HARDTACK data are completely inadequate 
to determine the peak signal and first motion amplitudes in the far zone, where in 
fact most control stations will be located. There is no way to obtain this im- 
portant information without the use of underground explosions. 

Another of our urgent needs involves the so-called diagnostic aids. From these 
must come most of the improvements in the system. One of the most hopeful 
of these aids involves the use of long-period surface waves to deduce the cause of 
a seismic signal. In principle this could be a very effective method. However, 
we have had a previous experience with surface waves and we are now more 
cautious. The so-called surface Love waves were conjectured to be characteristic 
only of an earthquake, but in fact they were also found on the Blanca explosion. 
This example shows us the primitive state of this field and emphasizes the need 
for more experimental explosions. I will not describe the other aids—there are 
many more—but each has a large degree of uncertainty and all will require 
underground explosions. 

The question naturally arises as to what kinds of explosions are needed. Do 
thev have to be nuclear, or will chemical explosions be good enough? My com- 
ments here will be primarily technical, although it is my urderstanding that a 
program of nuclear explosions can be undertaken in a substantially shorter time, 
at less cost and probably with greater ease than a program involving chemical 
explosions of equivalent vield. 

From a purely scientific point of view there can be no doubt that the optimal 
approach to learning about signals generated by nuclear explosions and to obtain- 
ing results directly applicable to the control problem is by the direct use of nuclear 
explosions themselves. The reason we are concerned about the difference between 
chemical and nuclear explosions is first of all because they are different. Chemical 
explosives are enormously larger, both in mass and volume, than the equivalent 
nuclear charge. Moreover, in nuclear explosions much higher energy densities 
and temperatures and greatly reduced amounts of explosion products are pro- 
duced. We are concerned that these differences will lead to different seismic 
effects. 

At the present time we have only three pieces of evidence bearing on the magni- 
tude of the chemical-nuclear difference. First, we know that the intensity of 
chemical explosions in air and from water is greater by about a factor of 2 than 
for nuclear shots of the same yield. Similar differences might be expected for 
explosions occurring underground. A second bit of evidence is the volume of 
the cavity produced by tamped underground explosions. It has been estimated 
from an extrapolation of the Cowboy results that the cavities produced by 
chemical explosions in a salt medium are two or three times smaller than the 
equivalent Rainier cavity in Nevada tuff. Unfortunately, this comparison 
involves both the difference in medium as well as the chemical-nuclear difference. 
A third bit of information is obtained by comparing the seismic records from a 
50-ton chemical explosion at a depth of 160 feet in Nevada tuff with those from the 
70-ton nuclear shot Tamalpais, at 330 feet in tuff. This comparison indicates 
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that within experimental uncertainty the signals from these explosions are very 
similar. However, considering both the differences in yield and depth of burial, 
it is probably safe to conclude only that the chemical-nuclear difference for 
tamped explosions in tuff is less than a factor of 2. 

The conclusion one draws from all this evidence, that the chemical-nuclear 
difference is a factor of 2 or so, applies mainly to the strength of the seismic signal. 
For identification and for the diagnostic aids, however, it is necessary to consider 
more subtle features of the seismic signal. It seems possible that for these pur- 
poses the chemical-nuclear difference could be much greater, Many of the aids, 
for example, depend for their usefulness on the degree of symmetry of the ex- 
plosion. Nuclear explosions are inherently very symmetrical, but it is difficult 
to assure symmetry in the case of large chemical explosions. 

Another difficulty of a more general nature with chemical explosions is the 
problem of determining the yield of a tamped chemical explosion. If the yield 
is calibrated by an equivalent chemical explosion in air there will be an uncer- 
tainty about how the kinetics of the reaction are influenced by tamping. 

We see then that all in all there are a number of uncertainties about using 
chemical explosions to learn about nuclear explosion signals. The very fact 
that we are uncertain about the extent of the chemical-nuclear difference is a 
strong scientific justification for having nuclear explosions. 

I would like to turn now to another important problem for the research pro- 
gram—the concealment problem. Experiments on concealment have up to now 
been conducted exclusively with chemical explosives. While the theoretical 
expectations for decoupling have been confirmed, there still remain important 
questions which need to be studied. One of these is to determine the minimum 
cavity size which will effectively decouple nuclear explosions. Because the 
difference between a chemical and nuclear explosion in a cavity is known to be 
great, it is likely that this question can be answered satisfactorily only with the 
aid of nuclear explosions. Some suggestions that have been made for increasing 
the decoupling beyond the present well established factor of 300 depend spe- 
cifically upon the high-energy densities and temperatures associated with nuclear 
explosions. Further, to study the survival of the cavity after repeated use, which 
affects the cavity cost, will require nuclear explosions. 

Finally, I would like to mention the problems connected with the techniques 
for on-site inspection. Here again it is likely that results would be less meaningful 
from chemical explosions—certainly if radiological methods are studied. Further- 
more, a lot more human effort is required at the explosion site to set off a chemical 
explosion. A chemical explosion requires a large cavity to contain the large vol- 
ume of high explosive needed to give a yield comparable to nuclear explosions. 
In addition the transportation and installation of the high explosive require 
considerably more human and engineering activity. 

In summary, I believe that underground explosions will be required to answer 
many important questions concerning the control system. Some of these explo- 


sions may be chemical but, to obtain answers to some important questions, 
nuclear explosions are necessary. 


Representative Ho.irietp. We will now hear Dr. Johnson’s 
statement. 


STATEMENT OF DR. GERALD W. JOHNSON,' LAWRENCE RADIATION 
LABORATORY, LIVERMORE, CALIF. 


Dr. Jonunson. Mr. Chairman and members of the committee, 
with your permission, I would like to preface my remarks with re- 
spect to the seismic improvement program with a few remarks con- 
cerning ‘weapons development testing in outer space. 

This is in response to a question you directed earlier today to Dr. 
Leonard of the Space Technology Laboratory, so with your permis- 
sion, I would like to answer that question for you. 

Representative Hou!FtEvp. Go right ahead. 

Dr. Jounson. In several laboratories, including the Lawrence Ra- 
diation Laboratory, during the past 2 years serious study has been 


devoted to the technical problems of weapons development testing 
In outer space. 





1 See biographical sketch, p. 222. 
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As Dr. Leonard pointed out, methods are presently available for 
placing nuclear devices in space and for transmitting and receiving 
information from them out to several tens of millions of miles. We 
at Livermore have examined the possibilities of measurement and 
feel that the basic measurements necessary to a weapons develop- 
ment program can be obtained with rather small extensions of exist- 
ing techniques. 

It is possible to recognize that the basic principles of most new 
designs could be developed at energy releases below a few tens of 
kilotons. Outer space testing would permit the checking of the data 
at full scale. 

So the two programs or two approaches would permit development 
and testing of weapons over the full range of energy release of possible 
military interest. Because outer space testing would involve mainly 
merely a check of more detailed measurements at smaller scale, 
the requirements for measurements are not as great. 

In fact, the principal measurement would be that of total energy 
release, which we believe would not be difficult. It would perhaps 
be the most simple quantity to determine. The more difficult 
measurements involving high accuracies, particularly in time meas- 
urements are those of the determination of the characteristics of the 
reaction itself. 

However, even in this case, concrete ideas have appeared which 
probably will work well enough the first time they are tried. An 
experiment to check the proposed techniques could be conducted 
in a well-instrumented way in a relatively short time. 

Routine weapons development tests could be started immediately 
after this first calibration and techniques would improve rapidly. 
With respect to the possibility of the conduct of a weapons develop- 
ment program in an undetected way, I would like to refer back to 
Dr. Brown’s earlier statement. 

As Dr. Brown testified, and this will not quite be verbatim, but 
very close to what he stated: “If a violator can cheat with explosions 
up to 1 kiloton, he can do all the work necessary to the development 
of small tactical weapons. If he can cheat to 20 to 30 kilotons he 
can do a lot, but not all he would probably want to do in developing 
strategic weapons.” 

If, in addition, he can cheat in outer space in the megaton range, 
the full range of energy releases are available to him to conduct a 
full-scale weapons developement program. 

Now I will resume with the statement, if this answers the question 
that you directed to Dr. Leonard earlier. 

Representative HouiFiELp. Go ahead, sir. 

Dr. Jonnson. The basic program I will refer to is that suggested 
in the Berkner Panel report of July 1959. A part of this program can 
be accomplished with chemical explosions. However, since the ob- 
ject of this program is to learn about the signals g enerated by nuclear 
explosions, these are technically the proper sources to use for at least 
part of the program. 

Moreover, explosions greater than a few hundred tons can be staged 
more safely, more quickly, and more cheaply with nuclear explosives 
than with chemical explosives. 

In response to your question considering the volume of chemical 
explosives, Mr. Chairman, a 20-kiloton explosion with high explosives 
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would occupy a volume of 20,000 cubic yards. It is about a yard per 
ton. 

Representative Hoxirretp. In other words, HE explosives require 
about a cubic vard to a ton? 

Dr. Jounson. Yes; that is a good explosive like TNT. Ammonium 
nitrate takes a somewhat larger volume. 

Representative Hosmer. That would be about 180,000 cubic feet. 

Dr. Jonson. It is 20,000 cubic yards. That would be 540,000 
cubic feet, sir. 

Representative Hosmer. That is equivalent to a pretty good sized 
office building. 

Dr. Jounson. That is a pretty good size; 20,000 cubic yards would 
be 540,000 cubic feet. 

Representative HouirreLp. Give it to me hundred by hundred, 
that type of description. 

Dr. Jounson. This would be a cube about 27 yards on a side, I 
believe. It is about 27 yards on a side, or a little bit less. A cube 
with edges, 80 feet long. It is a good sized room. 

Representative Hosmer. About one-fourth of a football field. 

Dr. Jounson. Yes. 

Representative Hosmer. About one-fourth of a football field long 
and one-fourth a football field wide and one-fourth a football field 
high. 

Dr. Jounson. Yes. 
eet Hosmer. It would take a pretty big hole to put 
that In. 

Dr. Jonnson. Yes. The construction of such a hole is expensive 
and time consuming. 

Representative Hotirretp. A 20-kiloton nuclear would be about 
what cube? 

Dr. Jonnson. We have indicated that we can produce 20 kilotons 
in a package 30 inches in diameter without specifying the length. 
It is a very much smaller package. The Blanca explosion, which was 
20 kilotons, for example, was fired in a tunnel which had a cross 
section of 9 square feet and the shot chamber itself was 20 feet long. 

This is unclassified information that has been released. You get 
20 kilotons in a room which is 3 yards on a side and 6 yards long. 

Representative HotiFreELp. That would be 9 by 18 feet. 

Dr. Jonnson. Yes. I had a 9-foot cross section and a 20-foot 
section in length; 9 by 9 by 20 feet was the size of the shot chamber 
in which the Blanca event was fired. The explosive yield was 19 
kilotons. 

Representative Houir1eLp. That gives us, I think, a pretty good 
comparison. 

Dr. Jounson. It makes a tremendous difference as far as staging 
is concerned. 

Representative HouirieLp. It makes a tremendous difference both 
in time and cost to construct a chamber of that size. You could 
construct a chamber of that size by lowering a high explosive charge 
in the bottom of a well, for instance. It would blow out a place 
9 by 9 by 20 feet, I am sure. 

Dr. Jounson. As I stated earlier, we can lower a 20-kiloton ex- 
plosion down a drill hole 30 inches in diameter. 
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Representative Hotirretp. Yes. But the point I am making is 
that if you wanted to have a decoupling hole, a decoupling hole could 
be made at the bottom of a well with high explosives capable of 
taking care of this size nuclear test. 

Dr. Jonnson. Yes. But in this case the nuclear explosion would 
be close-tamped. It would not be a decoupled nuclear explosion. 
We would have to resort to the techniques described by Mr. Meade 
or by mining operations to produce a large enough cavity to decouple 
a nuclear explosion, if I understood your question. 

Representative Durnam. Mr. Chairman, I do not think anyone 
has testified that we would learn too much from an explosion of the 
ordinary chemical nature, as far as I heard. It is not satisfactory. 
Dr. Latter just told us that you could not learn what you want to 
know from a chemical explosion. 

We are just wasting time and money if we went to that. We 
might learn a little something. 

r. Jounson. Yes. As Dr. Latter pointed out, there were some 
things that could be learned with high explosives, but there are many 
important things that cannot, and they are a lot harder to do. 

Representative DurHam. The important thing is what we want. 

Dr. Jounson. Yes, sir. 

Representative Durnam. If we are going to build up a system that 
will cost millions of dollars. 

Representative Houirietp. You were the director at the Hardtack 
series, were you not? 

Dr. JoHnson. Yes, sir. 

Representative Ho.irreLp. And you are now the director of Liver- 
more? 

Dr. Jounson. I am associate director for weapons testing and also 
for the Plowshare program, sir. 

Representative Hotrrretp. You have given a great deal of thought 
to the explosive properties of nuclear charges for canals and harbors 
and all of the things that we have been thinking about. 

Dr. Jonnson. Yes, sir. In great detail. 

Continuing with my statement, any test explosion program must 
provide signals to answer a number of questions now not answerable. 

First and primarily, it must give data for equipment evaluation and 
signal interpretation to establish whether readable differences exist 
which will permit differentiation of an explosion from a natural event, 
and if so, within what yield limits. 

In accomplishing this, however, it must provide answers to a series 
of subsidiary questions. How does the signal generated and trans- 
mitted from an explosion vary with geographical location, and the 
manner of placement? How does it vary with the type of rock in 
which fired? How does it scale with differing explosive yields? 

If data from chemical explosions are to be used in evaluations, what 
are the es of . nal to be expected as between chemical and 
ate: explosions? at is the practicality of decoupling nuclear 
explosions by use of iat e cavities? 

Naturally, a test explosion program to provide precise answers to 
all of these questions could be tremendous in scope. It could involve 

of all possible yields, both nuclear and chemical, under many 
pen itions of placement and in many locations. 
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Yet such a program would be completely unreasonable. Therefore, 
over a period of several months we in the AEC’s laboratories have 
discussed what might be a reasonable minimum explosion program to 
fit with the planned instrument and system studies. 

Lately, in meetings with AFTAC, seismologists from outside 
Government, and other experts, we have tried to lay out what would 
be a minimum program, but one which would give reasonable answers 
in a period of 18 months to 2 years. I think we generally agree that 
the necessary program would involve the following: 

(a) First, a series of 10-20 high explosive detonations of the order of 
100 tons in various locations to investigate how signals vary with 
differences of location and placement. These could begin in the very 
near future. Exactly how many there would be and over what time 
period would depend on what the early shots revealed. 

(6) At one location there should be nuclear shots of near equal size 
in two types of rock which are radically different; and a comparative 
high explosive shot. The purpose of that is to get a crossover 
between the nuclear experience and the larger number of high explosive 
experiments. 

These three large shots, two nuclear and one HE, could be accom- 
plished most rapidly and economically at the Nevada test site. Here 
we have a hard, dry granite outcropping close to a most, relatively 
soft volcanic tuff. Existing tunnels would permit us to fire within 
9 months a nuclear shot of several kilotons in the tuff, a similar nuclear 
shot in the granite, and a comparative high explosive shot in the same 
geologic and geographical location. 

o allow a reasonable test of distant investigation of the seismic 
signal, these shots should be of the order of 5 kilotons. They could 
be fired this fall and early winter. 

Representative HoLir1ELD. Do we have enough types of under- 
enna material to cover the scope of types of earth that we would 
need? 

Dr. Jounson. You mean at the Nevada test site? 

Representative HouirieLp. No. I mean within the continental 
United States or the free world. 

Dr. Jounson. I believe so, sir. I am not a geologist, but I believe 
that is so. Another medium we would like to investigate would be 
salt. Of course, here the proposed gnone experiment of the Plowshare 
program will provide such a seismic source in that medium. 

Another medium of great interest would be limestone so that a shot 
in massive limestone would be a useful experiment. 

Representative Holifield. We have plenty of limestone. 

Dr. Johnson. Yes, sir. 

IT am now down to item (c). 

(c) To understand how the signals scale with yield, shots of greater 
and lesser size should be tried and probably in this same location. 
Two to three shots at the NTS could serve this purpose. These 
could be conducted within a period of 9 to 12 months by using existing 
tunnels. Probably one of much higher yield—20 kilotons or more— 
and one or two of lesser yield—near 1 kiloton and less—should be 
exploded. 

(d) At least one explosion of approximately 5 kiloton equivalent, 
probably nuclear, should be fired in a seismic area to examine the 
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signal differences from explosions and earthquakes for occurrences in 
such an area. To select the site for such a firing and to emplace it 
probably would require 12 to 18 months. 

(e) High explosive firings in a relatively small cavity indicate that 
decoupling will occur. Yet these were small, high explosive firings. 
A few nuclear firings must be tried in one or more cavities—with 
tamped firings for calibration in the same location—to see the nature 
and degree of decoupling achieved for signals from nuclear explosives, 

This should be attempted both for shots small enough to be fully 
decoupled by the chamber, and for shots somewhat larger to examine 
partial decoupling. 

The initial program outlined here could be accomplished in 18 
months. It is improbable that it would provide precise answers to 
all questions, yet the results should make a very sobotah tat contribu- 
tion to the efforts of the United States to improve the proposed seismic 
detection system and understand its capdnllnibd. 

That completes my statement. 

Representative Houirietp. Thank you very much. 

Dr. Johnson, could a nuclear test device be constructed without 
weapon characteristics for the purpose of a joint United States and 
U.S.S.R. and United Kingdom series of tests for the purpose of de- 
termining earth type characteristics and seismological registrations? 

Dr. JoHNson. You mean the design and construction of a special 
device that could be fully exposed, opened up? 

Representative Houir1eLp. You and I are both aware of the fact 
that the Soviet position is one of having no more nuclear tests of any 
kind for any purpose, with the possible exception that they may have 
agreed in principle to a Plowshare type of experiment? Am I right 
in that? 

Dr. Jounson. Yes, sir. 

Representative Houirretp. The fear of any nation would be that 
the other nation was furthering its weapon development if they had 
additional nuclear tests of any kind. The point of my question is, 
Can nuclear tests be held in which the three nations would be willing 
to allow each other to see the device, to know the component materials 
in it and therefore assure each nation that there was no weapon 
knowledge advantage in the type of test. 

This would undoubtedly rest upon an agreement between the 
nations as to what type of a device was used. 

Dr. Jounson. Yes, sir; I understand the question. 

From a general standpoint we would believe that the best way to 
proceed would be to transfer a stockpile of standard packages of some 
sort to international custody. Not necessarily open the boxes up, 
but provide a set of boxes containing a set of explosives of different 
yields, in a manner similar to what we have proposed for the Plowshare 
program. 

Representative Hoxirietp. But wouldn’t this be susceptible to 
trickery? 

In other words, let us just assume that we had a five kiloton design 
of a weapon that we wanted to test and put it in a black box and box 
it up and submit it for an international agency to use. We would 
record the phenomena that occurred on that shot. That would mean 

something to us in relation. to a design where it would not mean so 
much to a nation that did not know what the design of the device was. 
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Dr. Jounson. Yes, that is true. There is this point that could be 
made, however. Using such a package, another way of monitoring 
the explosion to make much surer that it is not a weapons develop- 
ment experiment is the examination of the kind of instrumentation 
that is used. 

For example, we know that to do a weapons development experi- 
ment we have to have certain kinds of very high time resolution 
instrumentation. Such instrumentation is not essential to the seis- 
mograph program. So the absence of such instrumentation would 
clearly indicate that you were not making those kinds of important 
measurements and that would certainly be convincing to technicians 
of the U.S.S.R. and the United Kingdom. There is one bit of infor- 
mation, however, that you would get out of the explosion which is 
needed for the seismic program. ‘That is the energy release. 

Representative Hotirretp. You would get the energy released and 


you would also get the knowledge that a design of that type did 
explode. 


Dr. Jounson. Yes, sir. 

Representative HouirreLp. That it was a successful explosion. 

Dr. Jonnson. Yes, sir. 

Representative Hotirretp. Therefore, it would seem to me that if 
you wanted to make a device that was, let us say, 2 feet in diameter 
and 3 feet long that would yield 7 kilotons, let us say, just picking 
figures out of the air, and it was of a peculiar construction internally 
which if successful would give you knowledge to build a whole family 
of weapons, is it not true that this would be in effect a valuable addi- 
tion to weapon technology? 

Dr. Jounson. Yes, sir; I would have to agree it would be an addi- 
tion. The value of it would depend on the specifics of the situation. 

Representative Houirietp. Yes. Now I will get back to my 
original question: Is there any way in which the U.S.S.R. and the 
United Kingdom and the United States could sit down and agree 
upon a Plowshare type of program—and this is what this would be, 
for peaceful purposes—for the purpose of developing our techniques 
to see that no one cheats, is there any way that you know of, knowing 
that all three nations owning weapons, that any of the three nations 
would be willing to reveal their past and obsolete techniques by 
allowing the other nation to see exactly how the critical elements were 
spaced and triggered and so forth? 

Dr. Jounson. In that connection, I don’t know how the Nation 
would feel about it. My opinion would be that we certainly would 
not be running any risk to reveal to the U.S.S.R. and the United 
Kingdom some obsolete designs. We could do that for the purposes 
of this program without revealing any sensitive advanced weapons 
information that they probably do not already have. 

‘ esti HouirreLtp. Do you think we would be willing to 
0 that! 


Dr. Jounson. I don’t know whether we would be willing to do 
that or not. 

Representative Ho.irieLp. Do you think they would be willing to 
reveal to you any of their obsolete designs? 

Dr. Jounson. I have no idea. 

Representative HoLirreLp. You see when we get down to the work- 
ability of these programs, we always come to the point of the willing- 





410 NUCLEAR WEAPONS TEST BAN CONTROLS 


ness of each side to give, in order to obtain the knowledge that we 
hope we could get. This is a technical question that I am asking. 
Can we join together in any kind of a nuclear explosion for Plowshare 
projects or anything else in which all sides would be assured that 
this did not contribute to advanced weapon technology? 

Dr. Jonnson. I doubt if you could do it in an absolute sense without 
giving a little bit. I think you would give certain kinds of information 
away if it was on us to provide the explosive. If the British were to 
provide the explosive or the Russians, you could ask any one of the 
three to provide explosives for this purpose and then work on that 
basis. I am talking about the seismic program alone. I think the 
seismic program is a little different from the Plowshare program 
technically. 

Representative Ho.iFri1Eep. It is different. 

Dr. JoHnson. But not politically in the sense that the explosions 
are specifically not for a weapons development program. 

Representative HotirieLp. But you are going to run into the same 
problem on your Plewshare programs, too. You are going to run 
into a reluctance on the part of three nations to allow a Plowshare 
program for fear that the Plowshare explosions would give valuable 
information in weapon technology. 

That is why I bring the question up. 

Representative Ho.irretp. You put a great deal of importance 
upon continued nuclear explosions. It is important to know if there 
is any possibility of the nations agreeing upon any kind of a technical 
device in which they would all three willingly say, ‘Here is a device. 
All of us know what it is and what is in the box. We know that its 
planned strength is 5 kilotons and when it explodes it may be 6 
or it might be 4.”” But at least they would know in advance it was 
planned for 5 and they would know it produced either 4 or 6. They 
would know what produced that particular phenomenon. 

Dr. Jonnson. I think that such a system is certainly possible. 
It might be desirable to build a special explosive system. I think it 
is possible to do that on a short time scale and in a design which all 
three powers might agree was not very revealing with respect to 
advanced weapons technology. 

Representative Houiriep. It is a matter of bringing together a 
critical mass? 

Dr. JoHNson. Yes, sir. 

Representative Hoxtirretp. But it goes far beyond that. It goes 
into what are the component factors. What is the mixture of each 
part of the critical mass? I assume you would have no trouble with 
the ROR ance device of bringing them together. That could be very 
simple. 

Dr. Jounson. Yes, sir. These things could be done. 

Representative HoxirieLp. Has there been any exploration with 
them in your Plowshare discussions? Have there been any explora- 
tions of the Russian attitude on this? 

Dr. Jounson. First of all, I have not been involved in that part 
of the discussions firsthand myself. So all the information I have 
would be hearsay. But I do know that in the discussions we have 
talked about two concepts. One is to transfer a stockpile of boxes of 
various yields. The other is to use completely openable devices. 
The alternatives have not been discussed in detail with the Russians 
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as far as I know, or has anything been agreed to in principle with 
respect to which course would be taken either by the Russians, the 
United Kingdom or ourselves. 

Representative HouirreLp. Are you speaking about Plowshare? 

Dr. Jounson. Yes, sir. 

Representative HotrFieLp. So there has been no agreement in 
principle with any of the Soviet people as to even the type of procedure 
under the Plowshare program. 

Dr. Jonnson. No, sir. The Russians prefer to have us provide 
systems which we could open up completely. 

Representative Houir1eLp. They would prefer it. 

Dr. Jounson. Yes. That is as I understand it. 

Representative HotirreLtp. What is our attitude? This is getting 
to the point I am talking about. 

Dr. Jonnson. Our attitude is this: That if we are to start soon 
on Plowshare in the sense of good economics, then we would prefer 
to use our more advanced systems. These are just the systems that 
we would not want to reveal. 

Representative Ho.tirreLp. These are just the systems that would 
give us more information in weapon technology. 

Dr. Jonnson. This assertion could certainly be made. So this is 
the quandary. 

Representative HotirreLp. This is the quandary. Why, may I ask 
you, are you not willing if you do want Plowshare experiments, to 
reach an agreement with them whereby you would say each one of 
us will prepare a device which will produce 5 kilotons of power and 
each one will bring to the testing grounds our separate devices? 
Each one will reveal to the other his separate devices. Therefore, 
there will be a frank exchange of knowledge and either side could 
make it just as obsolete as they want to. 

Dr. Jounson. I think that kind of approach would work for the 
seismic program. 

Representative Houirretp. I know it would work but would they 
agree to it? 

Dr. Jonnson. I could not answer that. I don’t know. 

Representative Houirretp. Are there any further questions? 

If not, we appreciate very much, sir, your testimony, as usual, and 
if you wish to supplement it in any way you have the opportunity. 

Dr. Jounson. Thank you, sir. 

Representative Hosmer. Mr. Chairman, I am going to have to 
eave. 

Representative Houir1etp. Mr. Beyer, could I have your atten- 
tion? I asked you to submit certain material and you may either 
respond to this at this time or add it to the material I asked you to 
submit. We recognize that there is no line item for Project Vela 
in the fiscal 1961 budget. What would you need in the way of funds 
in 1961 to prosecute the program at a high rate of progress? 

Mr. Breyer. I would like to comment on that if I could. 

Representative Hotirretp. Could you comment on it at this time? 

Mr. Breyer. Yes, sir. 

I think I would like to say in preliminary fashion that these values 
which I will give you are estimates of what we think we could use 
profitably, but which are not yet checked out through all of the 
necessary review points within the departments. This is going on 
at the present time. 

55625—60—pt. 127 
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Representative Houirie.tp. This is, you might say, a kind of sum- 
mary of your present working plan? 

Mir. Beyer. It is a working estimate, yes. The DOD costs for the 
fiscal 1961 Vela uniform program would total roughly $27 million. 

Representative HouirieLp. That is for fiscal 1961? 

Mr. Breyer. Yes, sir. That would include the seismic research and 
development and the DOD part of the technical program cost in 
connection with the program of nuclear and chemical detonations. 
The surface based program would cost approximately $3 million. The 
satellite research and development program known as the Vela Hotel 
program would, if authorized, cost approximately $10 million. So in 
round numbers the total would be about $40 million for DOD costs 
for fiseal year 1961. 

We have looked into this with some care and we believe we could 
use this money wisely and get results with it. 

Representative Ho.irietp. Would it be premature for me to ask 
you to submit, if your superiors have no objection, an itemized list 
of how you break down this $40 million? 

Mr. Beyer. I will ask them. 

Representative Houtrrre tp. It doesn’t necessarily have to be for the 
public record. I would like to have this for committee information. 

Mr. Bryer. I will ask them. 

Representative Ho.iripip. As it is in temporary form. 

Mr. Bryer. Yes, sir. Then there is the other part of the fiscal 
year 1961 program which involves AEC costs but I cannot speak about 
them in any great detail. However, the combined package of DOD 
and AKC costs for fiscal year 1961 for the Vela Uniform, Sierra, and 
Hotel would be on the order of $80 million. 

Representative Houirietp. Thank you wery: much. 

Representative Hosmer. Mr. Chairman, 2 days ago, I think it was, 
unanimous consent was requested to insert an article on digging in 
salt by some professor, the item having been printed in the Bulletin 
of the St. Louis Committee for Nuclear Information, or some such 
name. I asked that it be laid over at that time. I wanted to talk to 
Mr. Price about it because I feel that the record should be substan- 
tiated to the extent that it can be by the evidence being presented by 
the persons whom we know and can cross-examine. I have been 
unable to talk to Mr. Price and as a courtesy to him I will not object 
at this time to that going in the record with the understanding that 
it constitutes neither a substantiation of the information, approval of 
the committee, or anything else about it. (See attachment 4, p. 426.) 

Representative Houirievp. | think that is very generous of you, 
Mr. Hosmer. I am sure Mr. Price will appreciate it. 

Representative Hosmer. Mr. Chairman, there is one other thing I 
think these records ought to show. They will be printed and they 
will be distributed to anybody who wants to see them. During the 
entire period of the hearings we have been in public rooms, the doors 
have been open, there have been hundreds of people in and out, who 
have heard the hearings. Nobody has been kept out during the 
period of the hearings. 

I see here in the room a representative of the Soviet Embassy. That 
has been the case throughout the hearings. I just want to make it 
clear to anybody who re: ads these heari ings that we operate in accord- 


ance with the tradition of open information and no secrecy here in 
the United States. 
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Representative Hoxirievp. I think that is a very pertinent observa- 
tion. We have been very happy to have our guests, including any 
members from the different embassies here. The complete and un- 
expurgated testimony will be printed. There will be additional items 
that will be submitted. In fact, there have been additional and de- 
tailed papers submitted by the different scientists, sustaining their 
points of view. They will be printed in the hearings. 

Thank you, Mr. Beyer. We have one other gentleman who has 
requested to make a technical presentation on unmanned stations. 
Dr. Jehle, Physics Department, George Washington University. 

Dr. Jehle, we will extend to you the courtesy of the Chair, although 
you were not on the original list of witnesses. I understand your 
presentation will be technical in nature. 


STATEMENT OF DR. HERBERT JEHLE,’ PHYSICS DEPARTMENT, 
GEORGE WASHINGTON UNIVERSITY 


Dr. Jexite. Mr. Chairman, members of the committee, may I go 
on from the proposal which was made by Dr. Bethé yesterday and 
state an objective—a technical objective. Mr. Wadsworth and other 
members of the delegation have encountered difficulty of negotiation 
in regard to any extension of the network—say to 600 stations. The 
main difficulty concerned the flooding of all countries with servicing 
inspectors. 

Representative Houirietp. Let me understand you, sir. Has the 
number 600 been a subject of negotiation by the Geneva negotiating 
representatives? 

Dr. Jenin. It could only have come up at the foothills conference. 

Representative Hotirietp. At what conference? 

Dr. Jenue. At the foothills conference in London. 

Representative Ho.LirieLp. Just a minute, sir. What conference 
is that? I have not heard of this. 

Dr. Jenue. The foothills conference which convened at London, 
February 2 to 4, at which Dr. Orear, Stewart Meacham, George 
Kirstein, and Congressman Charles O. Porter attended. 

Representative Houirietp. This was not an official conference? 

Dr. Jeanie. That was an unofficial conference. 

Representative Ho.irieitp. This is an unofficial conference between 
who? 

Dr. Jexie. Between parliamentary-level politicians and individuals 
from 14 nations meeting unofficially in individual capacity. The 
conference was extensively reported in the press and in the Bulletin 
of Atomic Scientists. All my information comes either from the 
press or from Dr. Orear. 

Representative Ho.irietp. So there is a distinct understanding 
that this was not any official conference you are going to make a 
comment on, it is on the technical matter they discussed? 
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Dr. Jente. That is right. The technical matter is that the 
negotiability of several hundred unmanned stations essentially is tied 
to the possibility of making them serviceable by the manned control 
stations. The point is that from 21 manned control stations, the 
complete servicing and operation of hundreds of unmanned stations 
might be possible. I have checked up with experts on such a scheme 
and the consensus is that this is an objective which is in the realm of 
possible technical achievement. 

Representative Ho.irreLp. In other words, that each 1 of the 21 
stations could take care of something like 30 unmanned stations as 
far as checking them is concerned, maintenance, guarantee against, 
or at least apprehension of tampering? 

Dr. Jenue. Yes. Between the simple unmanned stations and the 
manned control stations there would have to be radio communica- 
tions—to which the Russians objected. The objection was that 
radio communications would provide a guidance device for U/S. 
missile systems. But that is not a well-founded objection because 
the regular radio stations are better guidance devices. In case of an 
alert, the radio stations would be switched off and these control 
station radio networks would be switched off, too. There is no great 
technical difficulty in making foolproof keved communications by 
radio between our control stations and the unmanned stations. The 
consensus of the experts again is that deliberate falsification of the 
unmanned stations’ seismic records is practically impossible, provided 
an occasional inspection under the quota system would be possible. 
The main problem is how to read the great mass of seismic data 
which come in. 

I would like to shortcut the testimony. I do not want to create 
the impression that tamperproof unmanned stations are a technically 
solved problem. Nor do I think that the issue of any additional 
seismic stations should be brought up at the present time, as we are 
to monitor only large explosions now. It is, however, considered by 
the experts as a problem which is far simpler than any of the com- 
munications problems we have in Explorers, or similar type of com- 
munications systems. 

Representative Hottrretp. Again you are speaking of the experts 
that have gathered at the foothills conference? 

Dr. Jentr. Not only experts at the foothills conference but all the 
seismologists I was able to get in touch with in Washington and 
many outside Washington, D.C. Evidently it will take several years 
until we will have developed instrumentation and until the personnel 
will have been trained for monitoring small tests. The question has 
come up as to what type of experimentation should be used in a 
cooperative artist 9 study of detection techniques. The ques- 
tion was raised as to the possibility of conducting underground tests 
with nuclear explosives in order to learn more about detection 
techniques. 

I would like to draw attention to a nontechnical item and that is 
that the outside countries, e.g. China and Egypt, will look very 
critically if the nuclear club goes on experimenting with nuclear 
weapons. 

Representative Ho.irieLp. We are not going to get into that, Dr. 
Jehle. That is nontechnical, as you know. You have attended these 
hearings? 
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d Representative Ho.irrevp. I have tried very diligently to keep our 
yl discussions to technical points. 
° Dr. Jenue. Yes. 
18 Representative Holifield. I am extending you the courtesy of the 
e Chair in order that you may present a technical matter. 
of Dr. Jenute. That is right. I think the complete statement of the 
technical points is contained in my letter to Ambassador Wadsworth. 
1 There are no further comments to be made. 
as Representative Hoirretp. I have not read the letter. Are there 
t, other items in there of a nontechnical nature? 
Dr. Jeuue. They are deleted from the record. I wrote that letter 
he on March 10. I have since then discussed it with colleagues. 
a- Representative Hotirietp. Are there other articles in your March 
at 10 letter of a nontechnical nature, expressing conclusions or political 
S. or eee comments? 
se r. JEHLE. No; this is purely technical. 
an Representative HonirreLp. On your assurance we will accept it. 
0] If on perusal it goes beyond the technical area, in fairness to the other 
at witnesses who have been admonished not to indulge in the philo- 
by sophical or political field, we will have to eliminate it. 
he Dr. Jenue. That is right. Thank you very much. 
he Representative Houirietp. Thank you, sir. 
ed (Excerpts from the letter submitted by Dr. Jehle follows:) 
le. GEORGE WASHINGTON UNIVERSITY, 
ita Puysics DEPARTMENT, 
Washington, D.C., March 10, 1960. 
Ambassador JAMEs J. WADSWORTH, 
ate Delegation of the United States, care of the American Consulate Nuclear Conference, 
lly Geneva, Switzerland. 
nal Dear Mr. Wapswortu: Thank you very much for your kind letter of February 
are 25 in reply to my letter of February 22 in which I referred to the development 
by of unmanned seismographic control stations. 
“Without arguing the desirability of such control stations in any way,’’ as you 
m- stated in your letter, you informed me that ‘‘the Soviet representative in Geneva 
m- has flatly turned down the idea (of unmanned seismographic control stations) on 
two separate occasions.’’ And you mentioned that ‘‘the reason he gives is that 
rts this would provide the opportunity for many potential espionage agents to travel 
the length and breadth of the Soviet Union in servicing and checking on these 
stations.”’ 
“ * * * * + * * 
Mn As you know, the “foothills conference’ in London, February 4, 1960, brought 
ars about a positive reaction from the Russians to the Western request for a closer 
nel study of the subject of unmanned seismic stations. 
has At the time of the American Physical Society meeting and the Federation of 
a ie American Scientists meeting, held in New York during the last days of aeneety 
there were a good many discussions of the issues concerning these stations. It 
1es- was clear from the onset that a clear-cut identification—not just some registration— 
ests of a small seismic signal as a very small nuclear explosion, is a difficult task if 
Hion nothing but the 180 control stations’ recordings were available. For this reason 
& great deal of discussion centered around the issue of unmanned seismic control 
: stations. 
it 1s In the meanwhile many things have happened at Geneva. Accordingly the 
rery arguments presented in this letter are altogether based on the assumption that a 
lear limited annual quota of inspector excursions would be permitted, to follow up 
suspicious seismographic or other recordings, and the arguments presented here 
D are ya. restricted to the problem of monitoring of territories which are 
: a covered by the eventual test ban agreement. 
e 
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The essential point is that we have to develop unmanned seismographic stations 
which can be left to be installed and routinely serviced by the nations of the 
country in which they are placed. Their proper placement and functioning 
would of course have to be checked: 

(1) The check ot the purely geographic location is easily obtainable as well by 
standard techniques of electrical communication engineering as by the responses of 
those unmanned stations to natural earthquakes. 

(2) A check is needed in regard to the proper upkeep of the equipment, so that 
concealment cannot occur through simply letting the equipment rot. Together 
with that a check can be made on proper identification of the responses from 
unmanned stations. Such check can be achieved through the simple requirement 
of periodic replacement of the instruments to the manned stations which act as 
servicing agents and clearinghouses. The unmanned seismographs are sealed 
units to be opened at these regular inspections only, by the teams at the manned 
stations. The unmanned seismographs have their power supply from a battery 
enclosed within the sealed unit. They have radio communication with the 
manned control stations, and this communication can be keyed so that the manned 
control stations will get only the response of legitimate manned stations. 

(3) A check is necessary against attempts to conceal adequate seismographic 
response to nuclear explosions by means of damping down, in one way or another, 
the unmanned seismographs; this may be a permanent damping, or it may be 
done solely at the moment a nuclear explosion is clandestinely performed. A 
check upon the normal orderly performance can be achieved by a comparison 
of the unmanned seismographs’ responses to natural earthquakes with the 
simultaneously registered corresponding responses of the manned control stations, 
under surveillance of international inspectors. In earthquake regions there are 
enough of such quakes to provide for frequent checks. In earthquake-free 
regions one may rely on the responses at the times of major earthquakes as it 
has already been the consensus that in the latter regions tremors which are not 
clearly due to a distant earthquake would be subject to inspections. 

As regards a momentary damping attempt to cheat, a simultaneous damping 
of unmanned stations at the occurrence of a secret explosion cannot but lead to 
suspicious recordings, particularly if there are several seismographs at each 
unmanned station, under regular exchange with the manned stations. An 
eventual inspection trip to the unmanned stations upon suspicious recordings 
cannot fail to reveal the rather elaborate setup necessary to achieve a temporary 
damping of seismographic recordings. While the inspection team sets out to 
check on unmanned stations, a removal of unmanned seismographs, say from a 
fake mounting equipped for occasional damping, to an honest site, would clearly 
be impossible because a removal of the instrument would show up in the recordings. 

(4) To simply register a seismic signal, and to identify such a signal as due to 
an earthquake or as due to a nuclear explosion, are, in terms of kilotonnage TNT 
equivalent, orders of magnitude different items. The unmanned seismographs’ 
fitness to identify tremors depends much on proper registration of the first motion. 
The sealed seismographs should, of course, not permit a quick reversal of the 
polarity of the response. As these seismographs are under periodic inspection 
through delivery to the internationally manned control stations, checks in this 
respect are possible. The difficult'job of identification of a signal as coming from 
an explosion versus an earthquake can receive immense help through the use of 
a great number of unmanned stations. * * * The responses of the multitude of 
seismographs, manned and unmanned, yield a great deal of information, which is 
interlocked in a consistent fashion. An attempt at falsification of recordings 
would require the ‘production of a highly coordinated, consistent set of false 
recordings, quite an impossible job. So, any attempt at cheating would only be 
possible by attempts at triggering a very small nuclear explosion at the very 
moment of a local earthquake. he problem of detection is accordingly one of 
establishing a large enough number of unmanned seismographs to frustrate the 
possibility of cheating without raising suspicions. 

The manned stations are to be equipped with deep-hole seismographs (several 
thousand feet). Depending on the frequency of the vibrations, depending on the 
soil condition and depending on the kind of surface noise condition, this technique 
gives a great improvement over surface instrumentation. 

There is a further point which I should like to bring up. The quoted New York 
Times report of February 19 refers to a phased ban proposal: ‘‘As the size of 
underground explosions that would be covered by the ban become smaller, more 
inspections would be required.’ I interpret this to mean that the U.S. delegation 
suggested that, with the lowering of the size of monitored underground explosions, 
a drastic increase of the number of actual inspection trips would be contemplated. 
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This formula contains a very dangerous pitfall. If we want to insist on monitor- 
ing all nuclear explosions down to presently unknown small sizes, we end up with 
a full-sized army of inspectors, an institution which, because of its colossal size, 
would be highly undesirable. It would lead to endless friction and troubles. A 
handful of brilliant, courteous, intelligent international inspectors is all that is 
needed; a nation which cheats on a nuclear test ban or moratorium will gain very 
little because continued small-scale testing will eventually be discovered. * * * 
With my very best wishes for successful conclusion of the negotiations, I am 
Sincerely yours, 
HERBERT JEHLE, Professor of Physics. 


Representative HouirieLp. In conclusion, today we concluded 4 
full days of public hearings on the technical problems of a nuclear 
weapons test ban and the necessary detection techniques and inspec- 
tion controls. 

It was our stated intention through these hearings to bring to the 
Congress and the public in an understandable manner all available 
information on this subject. We attempted to avoid—as we said we 
would—general policy questions in the disarmament field, as well as 
philosophical discussions of nuclear weapons testing. This is not to 
say that these matters also are not of extreme importance. We must, 
if we are to understand and to arrive at intelligent and logical deci- 
sions, distinguish between what are technical problems and what are 
political problems. 

During our 4 days of public hearings, we received oral testimony 
from over 20 scientific and technical experts—a list of the witnesses 
in the order of their appearance is attached (see attch. 2, p. 424)— 
all witnesses have been invited to supplement their oral testimony 
with additional statements pertinent to the overall testimony. 

The subcommittee sampled a wide cross section of scientific opinion. 
Many of the witnesses were official advisers and consultants in the 
Geneva negotiations from the Experts Conference in 1958 through the 
two Technical Working Groups, (1) High Altitude and Space Detec- 
tion and Identification, and (2) Improvement of Underground Detec- 
tion and Identification. Many of the witnesses have been outspoken 
on both sides of the nuclear test ban controversy, but have confined 
themselves to the technical aspects. 

An objective summary and analysis of the testimony will be pre- 
pared after thorough review of the record. Having listened to all the 
oral testimony and the panel discussion, which were part of the hear- 
ng I believe I can make a few general comments. 

irst, I regret that a hearing of this type was not held more than a 
year ago. The information which has been assembled in these hear- 
ings would have been of inestimable value to Congress, and the public, 
as well as the executive branch, in understanding the complicated 
technical problems involved in the detection and control of nuclear 
weapon tests. 

Second, it appears from the testimony that for the next several 
years at least it will not be possible to detect and identify under- 
ground bomb tests whose seismic signals record the equivalent of a 
nonmuffled bomb explosion of 20 kilotons, or less. Twenty kilotons 
is equivalent to 20,000 tons of TNT and is approximately the yield 
of the atomic bomb which destroyed Hiroshima in World War II. 
Further, it appears that for this same time period it will not be possible 
to detect muffled tests of 100 kilotons or more set off deep underground 
in large cavities. From that time forward, it will be a race between 
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improved means of detection and identificationas against improved 
means of concealing and muffling nuclear tests. 

Third, it was the unanimous opinion of all witnesses that a vigorous 
and sustained program of research and development was necessary to 
improve our mechanical devices and our techniques of detection, 
identification, and inspection of nuclear explosion tests. 

The committee stands adjourned. 

(Whereupon, at 4:15 p.m., Friday, April 22, 1960, the committee was 
recessed subject to call.) 





ATTACHMENTS 


(The following material was referred to during the course of the 
hearings. ) 


ATTACHMENT 1 


GLOSSARY 


Accelerometer: An instrument which is so designed that it responds 
to the accelerations of the earth relative to the suspended mass of the 
instrument rather than measuring either the velocity or displace- 
ment of the earth. This instrument is usually employed to measure 
the close-in strong motion from an underground nuclear explosion. 

Array: A group of seismometers arranged in a systematic pattern 
over an area of a few square miles for the purpose of increasing the 
detectability for small earthquake or explosion signals in the presence 
of background noise. 

Backscatter radar: Detection of change in the characteristics of the 
ionosphere resulting from absorption by it or energy from a nuclear 
detonation. The change in ionosphere characteristics changes the 
intensity of the radio frequency waves emitted by the radar trans- 
mitter and reflected (scattered) back to the radar receiver. 

Clear rarefactions: The first motion recorded by a seismograph as a 
result of a distant earthquake may be either compression or rarefaction. 
In the first case, the first motion is caused by a movement of the 
earth outward from the source and in the second case, by a motion 
of the earth toward the source. Clear rarefactions are those which 
are large enough in amplitude above background microseismic noise 
to permit these rarefactions being identified without question as 
movements of the earth toward the source of the earthquake. 

Cosmic noise: Incoherent electromagnetic noise signals (static) orig- 
inating in cosmic space and propagated inward through the ionosphere 
to the surface of the earth where they are recorded on sensitive radio 
receivers called riometers. 

Coupling: In this report, coupling refers to the amount of the total 
energy released in an underground explosion which is transformed 
into seismic waves in the earth. The greater the coupling of a par- 
ticular explosion the larger will be the seismic waves and the easier 
it will be to detect by seismographs at some distance from the 
explosion. 

Cowboy Series: A series of chemical explosions in a salt dome in 
Louisiana which gave experimental proof of the theory of ees 

Decoupling: The process of reducing the size of the seismic signa 


from an underground explosion by detonation of the explosive in a 
large hole underground. br 
Deep focus: A term used by seismologists to indicate that an earth- 


quake originates at some depth greater than 30 miles below the surface 
of the earth. 
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DEW line: Distant Early Warning line. System of radar stations 
established in the most northerly areas of the North American Conti- 
nent to provide early warning of possible impending attack by 
aircraft. 

Direct optical: Detection of a nuclear explosion by use of instru- 
ments (photo multipliers) sensitive to short pulse of visible light 
emitted by the explosion as a result of incandescence of the matter 
in the device. 

Electromagnetic: (Detection of) radio frequency waves caused by a 
nuclear explosion and propagated from the point of the explosion to 
great distances. 

Electromagnetic induction detectors: An instrument which radiates a 
low-frequency electromagnetic field and is sensitive to any distortion 
in this field due to the presence of conducting material such as iron or 
copper pipe, wire, landmines, etc. 

First motion criteria: Criteria (or tests) by which the nature of the 
source of a seismic disturbance is established. In principle, explo- 
sions will cause the first movement of the earth to be in a direction 
away from the source. Earthquakes, on the other hand, can cause 
the first movement of the earth to be in a direction toward the source. 
Specific criteria are phrased in terms of how much larger than the 
noise the apparent motion toward the source can be considered to be 
a reliable indication of an earthquake. 

Fluorescence: Detection of a nuclear explosion by use of instru- 
ments sensitive to the short pulse of visible light emitted by the gases 
of the upper atmosphere in fluorescence caused primarily by absorp- 
tion of energy from X-rays radiated from a nuclear explosion at high 
altitude or in space. 

Gamma ray: Electromagnetic radiation similar to X-rays but gen- 
erally more penetrating. 

Hardtack II: A series of underground nuclear explosions conducted 
in the Nevada test area in the fall of 1958. The principal underground 
explosions were Blanca (19 kilotons) and Logan (5 kilotons). The 
seismic data from these explosions provide the basis of most estimates 
on the detection capabilities of the control system. 

Heat-absorbing material: Materials such as powdered graphite may 
be distributed throughout the cavity in which a nuclear device has 
been mounted for the purpose of providing decoupling. Part of the 
energy of the explosion will be absorbed in vaporizing the powdered 
graphite and would theoretically reduce the pressure from the explo- 
sion on the walls of the cavity. 

High frequency seismograph: A seismograph sensitive to seismic 
waves of from several cycles per second to about 100 cycles per sec- 
ond (principally used in prospecting for oil). 

Hydroacoustic: (Detection of) pressure waves caused by an under- 
water nuclear explosion which are propagated through the ocean 
waters from the point of the explosion to an underwater microphone 
usually called a hydrophone. 

Intermediate period seismograph: This term usually covers seismo- 
graphs sensitive to seismic waves of periods between 2 and 10 seconds. 

Ionospheric radar: See “Backscatter radar.” 

Filometer: 1,000 meters (0.621 statute mile). 

Kiloton: Explosive energy release corresponding to 1,000 tons of the 
chemical high explosive, TNT. The bomb detonated at Hiroshima 
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near the conclusion of World War II was equivalent in size to 20 kilo- 
tons of TNT. 

Long period seismograph: A seismograph sensitive to seismic waves 
of natural periods greater than 10 seconds. 

Magnetometer: An instrument for measuring the natural magnetic 
field of the earth to discover any distortion in this field by manmade 
ferrous articles (i.e., equipment, pipes, etc.) or the permanent mag- 
netism which may exist in manmade instruments or natural ferro- 
magnetic materials. 

Magnitude: An arbitrary scale used by seismologists according to 
size. The scale is so arranged that a magnitude 6 earthquake is 
10 times larger than one of magnitude 5; a magnitude 5 is 10 times 
larger than magnitude 4, ete. 

Megaton: Equivalent of 1,000 kilotons or 1 million tons of chemical 
explosive (TNT). 

Microseisms: Very small vibrations in the earth’s surface layers 
caused by ocean waves beating on the shore and by the action of 
turbulent wind on the earth. 

Nuclear debris sampling: Detection of nuclear explosions by col- 
lection of fine debris particles from the atmosphere by airborne or 
ground-air filtering equipment and analysis by radiochemical tech- 
niques. 

Neutron: One of the elementary particles found in the nucleus of 
all atoms except the most abundant form of hydrogen. In the chain 
reaction fission process of a nuclear explosion, two to three neutrons 
are emitted for each uranium atom fissioned and are available to 
induce fission of more uranium atoms. These neutrons have high 
initial energies and are transmitted to great distances where they 
can be detected with suitable equipment. 

Nevada tuff: A weakly cemented, rather crumbly rock, formed from 
voleanic ash. The underground nuclear explosions of Hardtack II, 
as well as the Rainier explesion, occurred in this rock, which is some- 
what elastic and produces stronger seismic signals from nuclear ex- 
plosions than are produced by the same size explosions in salt and 
granite. 

Overburden: When a hole is excavated deep underground for the 
pourpose of decoupling a nuclear explosion, the earth or rock between 
the hole and the surface produces an external pressure on the walls 
of the hole in proportion to the depth. The amount of earth above 
the hole, usually measured in feet, is referred to as the ‘‘overburden.”’ 

Peak signal: The maximum amplitude of motion of the seismograph 
in response to a nuclear eyplosion or earthquake. 

Piggyback: Experimental equipment for making measurements in 
space which is added to a missile or satellite originally planned for 
other types of measurements. 

Rainier coupling: The Rainier shot (1.7 kilotons) conducted 900 
feet underground in intimate contact with a rocklike material known 
as Nevada tuff on September 19, 1957, was estimated to have trans- 
mitted about 2 percent of its energy into seismic waves. This observed 
degree of energy transformation from the explosion to seismic waves 
in the earth (coupling) has been taken as a standard for subsequent 
calculations of seismic signals generated by underground nuclear 
explosions. 
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Reflection shooting: The process of studying the rock strata deep 
under the surface (20,000 feet) by recording on an array of surface 
seismographs the seismic waves from small chemical explosions which 
me ownward and are reflected back to the surface on near vertical 

aths. 
“ Refraction shooting: The process of studying the detailed character 
of the strata underlying the earth’s surface by firing small charges of 
chemical explosives and studying the seismic waves a the explosion 
which proceed downward through strata in question, are refracted 
(bent) along the strata and refracted again back upward to an array 
of seismometers where they are detected and recorded. 

Seismograph: An instrument for detecting and recording small vibra- 
tions in the earth’s crust. The detector portion, called a seismometer, 
usually consists of a mass suspended from a frame either by springs or 
as a pendulum, in such a manner as to tend to remain in one position 
while the earth-mounted frame moves with the earth. The relative 
motion of the frame and mass is usually magnified and recorded as a 
seismic disturbance either natural or manmade. 

Seismometer: The detector portion of a seismograph which may be 
located in a deep hole or on remote outcrops as in array emplacements 
and its motion being transmitted as electrical pulses through many 
miles of cable to the recording instrument. 

Shielded detonation: Detonations of nuclear explosives in space can 
be “shielded” by placing thin spherical or cylindrical sheets of lead or 
other material around the nuclear device. This shield reduces the 
amount of radiation from the nuclear explosion and hence reduces the 
—— of detection. Shields are particularly effective for thermal 

rays. 

Short period seismograph: A seismograph sensitive to seismic waves 
of about 2 seconds or less (of considerable significance in detecting 
nuclear explosions). 

Signal-to-noise: In recording the vibrations produced in the earth 
by a nuclear explosion it is necessary that the size of the signature from 
the explosion be larger than the microseismic noise on the record to 
permit the signature to be identified. The ratio of the amplitude of 
_ _ to the amplitude of the noise is called the “signal-to-noise” 
evel. 

Strategic nuclear weapons: Those nuclear weapons ranging in yield 
of approximately 50 kilotons and more, to include the megaton yields. 
This class is often referred to as “high yield weapons.” 

Tactical nuclear weapons: Those nuclear weapons ranging in yields 
below 20 kilotons. This class is often referred to as “low yield 
weapons.” 

Tamped shot: An underground explosion detonated in close contact 
with the surrounding earth or rock so as to transmit to the earth or 
rock the largest possible fraction of its energy. (Alternative to 
maximize coupling.) 

Technical Working Group I: Of the Conference on the Discontinu- 
ance of Nuclear Weapons Tests, the Technical Working Group on 
the Detection and Identification of High Altitude Nuclear Explosions 
(June-July 1959). 

Technical Working Group II: Of the Conference on the Discon- 
tinuance of Nuclear Weapons Tests, the Technical Working Group on 
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the Detection and Identification of Underground Nuclear Explosions 
(November—December 1959). 

Thermal X-ray: Electromagnetic radiation due to the extremely 
high temperature of the nuclear device fireball. Similar to normal 
X-rays but much less penetrating. 

Threshold: A seismograph of a given sensitivity placed a known 
distance from an underground explosion or earthquake will record 
relatively large earthquakes and underground explosions. As the 
magnitude of the earthquake or equivalent yield of the explosion is 
reduced it becomes more and more difficult to detect the signature of 
these events on the seismograph. Eventually one reaches a “thresh- 
old’ which is defined as the smallest earthquake or underground 
nuclear explosion which can be clearly detected. 

Velocity meters: Strong motion instruments which are so designed 
as to record the velocity of earth motion relative to the suspended 
mass of the instruments rather than measure the actual displacement 
of the earth. 
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ATTACHMENT 2 


Pusiic HEARINGS ON Nuctear TEst DETEcTION (APRIL 19-22, 1960) 


eo bd 


“I> Or 


LIST OF WITNESSES IN ORDER OF APPEARANCE 


. Dr. Harold Brown, Lawrence Radiation Laboratory, Livermore, 


Calif. 


. Dr. Wolfgang H. Panofsky, High Energy Physics Laboratory, 


Stanford University, Palo Alto, Calif. 


. Dr. Richard Latter, Rand Corp., Santa Monica, Calif. 


Dr. Carl F. Romney, Headquarters, USAF, Air Force Technical 
Applications Center, Washington, D.C. 
Dr. Albert R. Latter, Rand Corp., Santa Monica, Calif. 


. Mr. L. P. Meade, Phillips Petroleum Co., Bartlesville, Okla. 
. Dr. Edward Teller, Lawrence Radiation Laboratory, Livermore, 


Calif, 


. Dr. Hans Bethé, Physics Department, Cornell University, Ithaca, 


. Dr. Jack E. Oliver, Lamont Geological Observatory, Columbia 


University, New York, N.Y. 


. Dr. Alvin C. Graves, Los Alamos Scientific Laboratory, Los 


Alamos, N. Mex. 


. Dr. Richard E. Roberts, Carnegie Institution, Washington, D.C. 
. Dr. Jay Orear, Physics Department, Cornell University, Ithaca, 
“y 


. Dr. Roland Beers, seismic consultant, Troy, N.Y. 
. Dr. Dean S. Carder, Chief Seismologist, U.S. Coast and Geodetic 


Survey. Washington, D.C. 


. Dr. Harold Urey, University of California, Scripps Institute of 


Oceanography, La Jolla, Calif. 


. Dr. Charles E. Violet, Lawrence Radiation Laboratory, Liver- 


more, Calif. 


. Dr. Richard M. Foose, Department of Earth Sciences, Stanford 


Research Institute, Menlo Park, Calif. 


8. Dr. Raymond A. Peterson, United Geophysical Corp., Pasadena, 


Calif. 


9. Mr. Frank B. Coker, United Electro Dynamics Corp., Pasadena, 


Calif. 


. Dr. Byron P. Leonard, Space Technology Laboratory, Los An- 


geles, Calif. 


. Dr. Richard Taschek, Los Alamos Scientific Laboratory, Los 
? 7?) 


Alamos, N. Mex. 


. Mr. Carleton M. Beyer, Advanced Research Projects Agency, 


Department of Defense, Washington, D.C. 


. Dr. Gerald W. Johnson, Lawrence Radiation Laboratory, Liver- 


more, Calif. 


4. Dr. Herbert Jehle, George Washington University, Washington, 
D.C. 
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ATTACHMENT 3 
ADDITIONAL MATERIAL SUBMITTED BY Dr. Cart F. Romney, AFTAC 


During the meetings of Technical Working Group 2 at Geneva in 
November and December of 1959, more than 100 seismograms con- 
taining recordings of the Logan explosion were given by the United 
States to the United Kingdom and U.S.S.R. delegations. These 
seismograms were obtained from 54 stations in the United States and 
Canada. Similar sets of seismograms from other major explosions 
were also given to the other delegations. The purpose of supplying 
these records to the other delegations was to enable them to evaluate 
for themselves, using the same data which the United States had 
used, the U.S. conclusions on detectability of underground nuclear 
explosions. 

It should be pointed out for the record that the statement of the 
Soviet delegation, “‘In the opinion of the U.S. seismologists themselves, 
seismograms from only 16 of these 28 stations could be used for analy- 
sis’ is, in the most charitable view, a half-truth. The U.S. delegates 
had made it clear in the meetings that this was not the case; if the 
Soviet delegation had conducted even the most rudimentary evalua- 
tion of the seismograms given to them, they would have known that 
this was not the case. The facts are these: 

(1) Each seismogram had been analyzed by the United States, and 
each made its contribution to the resulting evaluation of detection 
capability. In many cases, the contribution was simply to confirm 
the extreme difficulty in detecting small explosions. In many other 
cases, the analysis consisted of the study of the direction of first mo- 
tion, the relative size and frequency of the various body and surface 
waves, and other studies which do not require precise instrumental 
calibration. 

(2) At 28 stations, the instruments were calibrated with sufficient 
precision to supply invaluable information on signal amplitudes. All 
of these data were used and the results were presented at the meetings. 

(3) At 16 stations, the data were additionally useful for magnitude 
determinations. These 16 stations used for computing magnitude are 
listed below: 

Distance from the explosion 

Station name: Kilometers 
. Tinemaha, Calif _— : : 181 
2. Woody, Calif__- , eee on se 5. toe 289 
. Riverside, Calif- ; ‘ 371 
. Pasadena, Calif sth Fall 382 
. Mount Hamilton, Calif eiiias ilad2d oul Jas; _ 483 
». Barrett, Calif____- ‘ : alan. i Dn i 503 
. Palo Alto, Calif... .... I Bl as 530 
. Berkeley, Calif ; Ea A 540 
9. San Francisco, Calif 4 Bit , 557 
. Mineral, Calif - aL 583 
. Tishamingo, Okla_-__- A ile eee 
. Antlers, Okla_._- ; A a cae : + iks ae 
3 Hot Springs, Ark vs . 2,111 
. St. Genevieve, Mo Kin eae att ... 2,306 
. Providence, Ky___---_- Ase mes Ey 2, 506 
3. Bangor, Maine-_______- Si Bhd i Bee ory 4, 021 
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From Nuclear Information, vol. II, No. 6; Greater St. Louis Citizens’ Committee 
for Nuclear Information] 


ATTACHMENT 4 


DiaGine THE Bic HoLe 


(By John N. Ong, Jr.") 


The latest idea for avoiding detection of a nuclear bomb test is to 
hide the explosion by setting it off in a large underground hole. 
The theory 1s that in such an explosion the force of the bomb will be 
muffled, and produce only a small earth shock which may escape 
detection by seismographs. 

This new proposal, suggested by Dr. Edward Teller, was studied 
by a group of physicists of the Rand Corp. Their six-page report 
published in classified form on March 30, 1959, and declassified on 
October 20, 1959, describes the theory in mathematical terms, and 
calculates that one could reduce 300-fold the seismic shock from a 
nuclear explosion. For example, an explosion of 100,000 tons could 
be made to look seismically like one of approximately 300 tons. To 
do this would require that the explosion be set off in a hole 800 feet 
in diameter, located in hard rocklike material, about one-half mile 
below ground. 

Although the Rand report proves, in theory, that the bomb ex- 
plosion can be hidden in a hole, it does not consider the practical 
problem of digging such a big hole without being detected. The 
practical side of the matter is a problem in engineering. The follow- 
ing is an engineer’s analysis of what it would take to dig a hole 800 
feet in diameter. 


1. General 


The theory requires that the hole be dug in hard material. Blasting 
a hole in hard rock would be the slowest and most expensive method. 
Also, it would be hard to hide such a big mining operation, and to 
conceal the pile of excavated rock from observation. The most 
practical method is to wash out a hole by pumping water through a 
large underground salt deposit—a salt dome. We shall therefore 
consider the latter procedure. 


2. Location 


There are probably about a dozen suitable salt domes in the United 
States. (Russia appears to have none large enough.) The operation 
requires that about 14 billion gallons of fresh water be used to dissolve 
out the salt. Such a large amount of brine could only be disposed of 
in the sea. Accordingly, the operation must be located at a salt 
dome which is reasonably near a source of fresh water, and also near 
the sea. In the United States, one such location is in a region west of 
Lake Caleasieu, La., about 20 miles north of the Gulf of Mexico. 
We shall assume that the operation is located at this site. 


3. Mining operations 


The underground site of the hole will be reached from the surface 
by means of a mine shaft. The shaft will have to be dug first — 
nothing else can be done until that is finished. All the rock and salt 


1 Dr. John Ong is assistant professor of mechanical engineering at Washington University, St. Louis. 
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(30,000 tons) removed in digging this shaft will have to be loaded into 
buckets and hauled to the surface to be trucked away. At the same 
time, two 30-foot steel pipes to carry water (for the washing out 
operation) will have to be put in, and the sides of the shaft cemented. 
The best possible speed for sinking this shaft is about 10 feet per day. 
To bring the shaft to the level of the top of the hole will require about 
328 days of work, day and night, 7 days a week. 


Location of Mine in Relation to Surroundings 


At this time the necessary development of the mine can be started. 
The general plan is to dig horizontal tunnels through the salt dome and 
to build a concrete basin where the bottom of the hole is to be. (See 
fig. I and II) then, layer by layer, the salt is crushed by setting off 
explosives in each horizontal tunnel, and the crushed salt is washed 
down to the basin and pumped out of the hole. 

Seven tunnels, 100 feet apart (fig. II) will be cut horizontal to the 
main shaft, and a network of passages started on each level. Workers 
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will then start drilling holes 50 feet long and 50 feet apart, in the sides, 
top, and bottom of each tunnel. These holes will be loaded with 
explosive. As the main shaft is continued down, each level will be 
opened up and developed in the same manner. 

After about 420 days the mining operation will reach the eighth 
level, 4,230 feet below the surface, or the location of the bottom of the 
hole. Here a large underground room will be dug (50 by 100 by 20 
feet) to accommodate six huge pumps that will be needed to pump the 
brine solution out of the hole. An inclined tunnel will be dug from this 
room to a point at the bottom of the hole. At this point a concrete 
basin about 2 feet thick and 400 feet in diameter will be built to collect 
the brine washed down from the upper part of the hole. This will be 
a slow process (requiring about 200 days) as the entire floor (400,000 
square feet) will have to be completely supported by timbers. In all, 
70,000 tons of concrete and 400,000 feet of timber will be needed. 

When the basin is completed, two 36-inch pipes will be installed in 
the lower tunnel. One of these will be connected to the end of one 
of the vertical pipes that come down from the surface in the main mine 
shaft. This pipe will be the water inlet and will rise to the lowest 
level in the mine. A similar pipe will be run from the bottom of the 
concrete basin to the pump room where it will be connected to six 
4,000-horsepower pumps. These will pump the brine back up to the 
surface through the second vertical pipe in the mine shaft. 

From the start of the operation, at least 625 days will now have 
passed. On the surface, preparations will have to be made to pump 
fresh water from the lake to the mine, and brine to the ocean. This 
would involve 200,000 tons of pipe, buried underground for conceal- 
ment, and four more 4,000-horsepower pumps. 


4. Removing the salt 


The salt in the portion of the mine between the concrete floor and 
the lowest level would be crushed by setting off the dynamite charges 
packed in the holes at that level. Lake water will then be pumped 
into the inlet pipe, the water will dissolve the crushed salt, and the 
resulting brine pumped up to the surface and out to the Gulf of 
Mexico. When enough salt has been dissolved away, that portion 
between the lowest level and the next higher one is blasted loose and 
dissolved away in the same manner. In succession, all levels will be 
blasted loose and slowly crumble to the bottom of the mine to be 
dissolved by the incoming water. 

This part of the operation will require a continual flow of 20,000 
gallons of water per minute for 500 days. It will consume 32.5 
million kilowatt-hours of electrical power. 
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Side View of Mine Showing Location of Tunnels 


5. Important statistics 


(a) Amount of salt removed: 20 million tons (about four times the 
annual U.S. production of rock salt). 

(b) Water required: 14 billion gallons. 

(c) Materials for the mine: 16,000 tons of steel pipe; 70,000 tons of 
concrete; 400,000 feet of timber; 350,000 sticks of dynamite; ten 
4,000-horsepower pumps. 

(d) Construction: Hole, 800 feet in diameter; 7 miles of tunnel; 
175,000 feet of drill hole. 

(e) Power consumed in pumping: 32.5 million kilowatt-hours 
(enough to supply Greater St. Louis for 10 days). 

(f) Number of workers: about 200. 

(g) Estimated minimum time for completion: 3 years, 4 months. 

(hk) Estimated cost: about $50 million. 
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6. Unsolved problems 


(a) Number of sites: Since there are only about a dozen salt domes 
in the United States suitable for this operation, and since each ex- 
plosion will probably render the dome too radioactive for further use, 
the number of such tests possible is limited. 

(6) Hiding the hole: Because of the large amount of salt that will 
be washed into the Gulf of Mexico, it may be possible for interested 
parties to discover the operation without even setting foot in the 
United States. Dumping 20 million tons of salt would increase the 
salt content of 20 cubic miles of sea water by 25 parts per million. 
Scientific techniques for measuring salt content are now so sensitive 
that a change in salinity of only 20 parts per million is detectable. 

The water in the western half of the Gulf of Mexico where the salt 
domes are located, takes about 2 years to flow out into the Atlantic. 
The water that covers the Continental Shelf, which extends out from 
the shore to a distance of 40-50 miles, is renewed less frequently. So 
the salt that is washed into the gulf would remain for some time near 
the area where it was dumped. Since the ocean depth over the Con- 
tinental Shelf averages only about 600 feet, we would expect that 
during the 500-day pump-out period, an area of 1,760 square miles of 
sea water would have its salinity raised to an extent that could be 
detected by a cruising vessel. Consequently, even if the great mining 
operation could be kept secret from foreign intelligence agents, the 
salt in the gulf would give the show away. 





ATTACHMENT 5 


HIGHLIGHTS OF DEPARTMENT OF DEFENSE SEISMIC 
RESEARCH PROGRAM - 1948-1960 
From April 1948 to the present date the Air Force, under the 
sponsorship of the Department of Defense, has conducted a reasonably 
intensive program of seismic research and development aimed at 
improvements of methods of identifying underground seismic events. 
This research program was developed by a panel including Dr. Roland Beers 


(Chairman), Dr. John Adkins, ONR, Dr. Perry Byerly, U. of Calif., 


Dr. Morris Ewing, Columbia University, Dr. Norman Haskell, AFCRC, 


Dr. Frank Neumann, Dr. Dean Carder, USC&GS, Father Macelwane, 
St. Louis University, Dr. Gutenberg, CIT, Dr. Benioff, CIT, 
Dr. Richter, CIT, Dr. Slichter, UCLA, and others. The principal 
problems that have been investigated both theoretically and experimentally 
are: 

a. Criteria for distinguishing between earthquakes 
and explosions. 

b. Studies of microseismic noise in various parts of the world. 

c. Studies of seismicity in the USSR. 

d. Methods of improving seismic signal-to-noise ratio by 
means of large arrays of seismometers. 


e. Development of improved seismographs. 
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f. HE explosion programs for determining characteristics of 





seismic wave generation and propagation, 
ge Utilization of US nuclear explosions at the Pacific Proving 
Ground and at the Nevada Proving Ground to study generation and 
propagation of seismic waves. 
h. Development of precision timing devices, phototube 
amplifiers, continuous development film recorders, long line transmission 
of seismic data, and other auxiliary equipment. 
i. Development of seismometers for use in drill holes deep 
underground to reduce background noise. 
Instruments and data developed by the above programs have been 
the basis to the negotiations for a Test Ban Treaty being conducted in 
Geneva. A particularly significant item of this program has been 
probably the most extensive seismic experiment of all time which was 
conducted during Operation HARDTACK II. Seismograph stations were 
installed at a series of locations extending eastward from the Nevada 
Test Site across the U. S. to Maine. Observations were made at more 
than 30 locations on the large underground nuclear explosions, Logan 
(5 KT) and Blanca (19 KT). -This data was basic to the recent work of 
Technical Working Group 2 at Geneva in connection with the negotiations 


for a nuclear test ban treaty with the USSR and the UK. 





ion 
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The program highlighted above has involved expenditures of funds 
at a fairly constant annual rate during the period from 1948 to 1960. 
It is estimated that somewhat more than $8, 000, 000 has been expended 
on nuclear explosion seismology at many universities, government 


laboratories, and private industrial laboratories during this period. 


ATTACHMENT 6 
Part I 


PLANNED UNITED STATES 
RESEARCH & DEVELOPMENT PROGRAM FOR IMPROVING 
He DETE ON OF UNDERGROUND NUCLEAR DETONATIONS 


Introduction: 


This is a summary of the planned United States program of research 
and development for the purpose of improving the detection of underground 
nuclear detonations. The summary includes the program for Fiscal Year 1960 
and the planned program for FY 1961. This is a first part of a continuing 
research program. Detailed plans for the larger range future have not 
been prepared, since the results obtained during the initial years 
(FY's 60 and 61) are expected to yield significant, but unpredictable, 
results which will influence long range planning. 


The funds allocated to various categories of projects are indicated 
in order to reflect the relative level of emphasis in the planned progran. 
In keeping with U.S. budgetary practice, fund information is given by 
fi 


scal years (FY). FY 60 covers the period 1 July 1959 to 1 July 1960; 
and FY 61 covers the period 1 July 1960 to 1 July 1961. 
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Summary of Seismic Research and Development Program* 


FUNDS 
UNDERGROUND DETECTION PROGRAM FY 1960 FY 1961** 
A. Task 1 - Standard Seismological Network (Only totals are 
available) 
1. Selection of standard equipment: $ 50,000 None 


Meetings held 29 March at National 
Academy of Science and with the 
Academy's committee on ll, 12 April 
in San Francisco to select equip- 
ment; report expected l0May 1960 


2. Procurement of equipment: 700 ,000 
60 Will await selection recommenda- 
& tions from NAS committee: 


Procurement and distribution of 
equipment to be initiated by U.S. 
Coast & Geodetic Survey. The esti- 
mated increment for FY '60 is 

50 stations; 75 for FY ‘61. 


* This research and development program is known in the United States as 
Project VELA-UNIFORM. 


**Only subtotals are shown since the tasks and funds assigned are likely 
to vary due to results obtained. Unless otherwise stated work under each 
item is planned. 
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PROGRAM 


UNDERGROUND DETECTION PROGRAM, Cont'd 


3. Technical installation: 


Will include defraying basic 
expenses of installations, some 
aspects of operation but most of 
these funds will be for assisting 
in technical aspects of instal- 
lation. 


Seismic data analysis center: 


U. S. Coast and Geodetic 
Survey now performs routine 
analysis of worldwide seismic 
data. Funds indicated here 
will be used to augment U. S. 
C&GS capability. 


Standard Network TOTAL 


B. Task 2 - Research Programs: 


Objectives are to improve seismic 
detection techniques and to broaden 
the seismic research base. 


1. Generation and Propagation 
of seismic waves: 


Contracts to be let primarily with 
universities. It is expected that 
these studies will take some time, 
but will provide needed basic 

data for improved detection of 
seismic events. 
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FY 1941 UNDERGROUND DETECTION PROGRAM, Cont'd 


(TASK 2 Cont'd) 


a. Funds obligated 


(1) Studies of seismic 
waves ated from 
small (less than 
magnitude 5) earth- 
quakes. Studies of 
focal depth, gener- 
ating mechanism and 
occurrence of after- 
shocks. 


Studies of frequency 
characteristics and 
directional spectrum 

of microseisms and study 
of methods for dis- 
tinguishing seismic 
signals in presence 

of noise. 


Study of phase velo- 
city of long period 
surface waves in 
selected mountainous 
regions. Investi- 
gations of transfer 
functions for typical 
crustal structures. 


Study of frequency 

and energy 
attemation of 
seismic waves from 
small earthquakes 
and explosions. 
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PROGRAM 
UNDERGROUND DETECTION PROGRAM, Cont'd 
(Task 2 Cont'd) 


(5) Studies of inverse 
transforms to be applied 
to long-period waves and 
development of high speed 
digital techniques. 
Model studies. $309,000 


Investigation of phase 

velocity in central U. S. 

and studies of source 

mechanism using seismic 

Waves other than "P”. 240,000 (for 6 & 7) 


Theoretical and experi- 

mental studies of the 

mechanism of generating 

horizontally polarized 

shear waves from small 

explosions. (see note on (6) above) 


Model studies of radia- 
tion patterns around 
simulated faulting and 
explosive sources. 


Studies of the generating 
mechanism of seismic 
sources using intermediate 
and long-period seismic 
waves; development of high 
speed computational tech- 
niques. 


Investigation of cross- 
correlation techniques 
for determining the direc- 
tion of first mtion "P" 
waves. 


Funds obligated through 
U. S. Geological Survey: 


(1) Investigation of crustal 
strueture by refraction 
shooting. 
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PROGRAM FUNDS 





UNDERGROUND DETECTION PROGRAM, Cont'd FY 1960 FY 1961 


(Task 2 Cont'd) 


Cc. Augmentation suggested: 


(1) Increase effort in study 
of shear waves. 


(2) Increase number of study 
teams on aftershocks from 
one to three; includes 
study of area of high 
seismicity. 


(3) Model studies. 
(4) Equalization studies. 


(5) Improved seismographs and 
seismographic response 
including additional effort 
on strain gauge approach. 


ad. Miscellaneous studies under 92 ,000 
consideration. 


Generation and Propagation of 
Seismic Waves - SUB-TOTAL $2,350,000 $6,200 ,000 


2. Detection Methods: 


These studies will be conducted 
by universities and commercial 
organizations. They will be 
aimed at the exploration of new 
methods and techniques for 
obtaining seismographic data. 


a. Funds obligated: 


(1) Study of characteristics 
of microseismic noise and 
signals recorded on the 
ocean bottom. $ 121,000 


(2) Study of high frequency 
noise in wells at inter- 
mediate depth (1500 feet). 23 ,000 
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PROGRAM 
UNDERGROUND DETE 
(Task 2 Cont'd) 


Funds obligated: 


(1) Improved long-period 
detectors with greater 
discrimination against 
4-10 second microseisms. 


Funds to be obligated: 


(1) Direct digitizing seis- 
mograph, more stable 
long-period seismograph. 


(2) Deep well detection methods. 
To be obligated after report 
received in May 1900. 
Current AFTAC project. 


(3) Theoretical and experi- 400 ,000 
mental studies of large 
arrays. 


(4) Other improved seismographs. 100 ,000 


d. Augmentation suggested: 


(1) Large arrays - experimental 
studies including testing 
under adverse conditions 
and of noise characteristics. 
(See Task 2, ec(3)). 


*Ten detector array being constructed as part of Geneva station. 


(2) Deep hole detection, increase * 
effort in deep hole instru- 
mentation and add new deep 
hole site. (See Task 2, c(2)) 


*Another program initiated in 1956 will be continued as part of VELA in 
FY 1961. 


(3) Theoretical studies of 
explosions and their 
relation to detection. 
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PROGRAM FUNDS 





UNDERGROUND DETECTION PROGRAM, Cont'd FY 1960 FY 1961 
(Task 2 Cont'd) 


e. Miscellaneous studies 


under consideration. 16,000 


Detection Methods SUB-TOTAL $1,250,000 $3 , 500 ,000 


yeneration & Propagation of 


Seismic Waves - SUB-TOTAL $2,350,000 $6,200 ,000 


Research Program TOTAL $3 , 600,000 $9, 700 ,000 


Q 


Task 3 - Systems Development: 


Includes construction of two 
different types of prototype 
detection stations for 


evaluation. 
1. Geneva - type station: 225,000 


Construction of 

Geneva type seismic station 
with equipment specified 

by the Conference of 


Experts. 
2. Geneva-type station with 705,000 


Berkner Improvements : 


a. Site selection and 
station design. 


b. Station construction. 
c. Selection, procurement 
and installation of 

equipment. 


d. Automatic processing 
of seismic data. 
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PROGRAM 
UNDERGROUND DETECTION PROGRAM, Cont'd 


(fask 3 Cont'd) 


3. Augmentation suggested: 


a. Build and operate two 
unmanned stations. 


Construct and equip six 
operational type seismic 
stations for R&D and 
system evaluation 


purposes. 

(1) One simplified type. 

(2) Five of Geneva type (See Task 3, para. 2) 
Standardization of methods 

for reduction and analyses 

of seismic data. Requires 

international participation. 


Analyses center for data 
derived from systems tests. 


Systems Development TOTAL $930 ,000* $8 ,125 ,000 


*$195,000 was diverted temporarily for studies under Task 6. 


Task 4 - Program of Nuclear and 
Chemical Explosions 


is. et 1960 Program: 


Advanced preparations $2, 310,000 Not applicable 


FY 1961 Program: 


Present estimates include 11-21 Not applicable $42,990 ,000 
HE explosions and approximately 

11 nuclear explosions to be fired in 

FY 61, 62. FY 61 costs include some 

expenses in preparing for FY 62 explosions. 

FY 60 money is to be expended in preparation 

for FY 61 explosions. 


Nuclear and Chemical Explosions TOTAL $2, 310,000 $he ,990 ,000 
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PROGRAM 


UNDERGROUND DETECTION PROGRAM, Cont'd 


Task 5 - Direct Administrative 
nm a- 
tio’ Costs: 


Management Costs TOTAL 


Task 6 - Short-term Studies* 


1. Feasibility of unmanned 
seismograph stations. $ 100,000 


Feasibility ot large (100 
detector) arrays. 65,000 


Evaluation of identification 
criteria. 30,000 


Capability of net with addi- 
tional manned stations. In-house study 


Augmentation suggested: 


a. Evaluation of identi- 
fication criteria and 
other short-term studies 
as required. 


Short-term Study TOTAL $ 195,000 $ 300,000 
R&D on On-Site Inspection TOTAL 110,000 $ 2,000,000 


icable *Task 6 of Project VELA-UNIFORM covers the miscellaneous short-term studies 
which do not properly belong under any of the other tasks discussed so far. 
To date, the expenses incurred under this task include four short-term 


».000 studies which are expected to be completed in the near future. 
? 
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UNDERGROUND DETECTION PROGRAM, Cont'd FY 1960 


H. Cost Summary : 


l. Standard seismological 

a. Equipment selection 

b. Equipment procurement 

c. Technical installation 

ad. Seismic data analysis center 
Sub-Total (Equipment being selected) $750 ,000 
2. Research Program: Task 2 


@. Generation and propagation 
of seismic waves $2,350,000 


bo. Detection methods 1,250,000 
Sub-Total $3,600,000 $9, 700 ,000 
3- System Development: Task 
@. Geneva type station $ 225,000 
bd. Geneva station with Berkner 
improvements, construction, 
selection, procurement, instal- 
lation of equipment, automatic 
data processing 


Sub-Total 


4. Program of Nuclear and Chemical 
Explosions: (Task 4) 


Sub-Total 
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UNDERGROUND DETECTION PROGRAM, Cont'd FY 1960 


(Cost Summary Cont'd) 


5. AFTAC Administration and Opera- 
tional Costs: 


Special Short-term Studies: 
(Task 6) $ 195,000 


ARPA Reserve for Project VELA $ 700,000 


R&D on On-Site Inspection $ 110 ,000 
VELA-UNIFORM TOTAL $8 , 645,000 
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Parr II 


ADVANCED RESEARCH PROJECTS AGENCY 
Washington 25, D. C. 


5 May 1900 


The Berkner Report items were taken from page 15 of, "Report of the Panel 
on Seismic Improvement; The Need for Fundamental Research in Seismology" dated 
July 3959. The VELA-UNIFORM cross reference listings were taken from the 
Project VELA Research and Development Status Summary of 25 April 1960. 


Berkner Report Item 
Individual Research Projects 


VELA UNIFORM Cross Referenc 


Equipping of selected stations with modern 
seismic equipment 


Study of shear waves 
Identification from aftershocks 


. Task 1; 1,2, 3 &4 


. Task 2; 10(2), 14 (J 


Task 2; la(1), 1a(2) 


la(4), 1b(1), 14(2) 


long-period surface and body waves Task(2); 1b(4) first 


part 


Geophysical investigation of crustal structure Task 2; la(3), 1C(2) 


Equalization experiments - Task 2; 1c(1), 1(5), 
1a(4) 


Model studies - Task 2; 1b(3), 1a(3) 
Noise studies and development of standards - Task 3, 3c 
Large arrays . Task 2, 2a (1), 2c(3) 


Deep hole detection . Task 2; 2c(2), 2a(2), 
2a(2) 


Deep ocean seismograph Task 2; 2c(4) in part 
2a(1) 


Research computing facilities - Task 2; 1b(4) last pe 
Library of digitized seismograms - Task 3; 3d in part 
Theoretical studies of explosions - Task 2; 2a, (3) 
ae ee eee ee ee ere ee ee” . Task 6 


System Development Task 3 


Unattended seismic stations - Task 3,a 
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Improved seismographs 


Portable or “throwaway” seismographs 


Automatic data processing 


System planning and field trials 


Implementation of detection system 


Nuclear and HE detonations 


AFTAC administrative costs 


B. Task 2; 14(5), 2b(1) 
and 2c(4) in part 


Deferred on recommendation 
of Ad Hoc Group on 
Seismology 

C. Task 3 

C. Task 3 


- Task 3; la; 2a, b, c; 
3b(1), 3d(2) 


- Task 4; 1, 2 


- Task 5 


*R&D and evaluation only; operation system implementation to come later. 
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ATTACHMENT 7 


Part I 


BIBLIOGRAPHY OF REFEFENCES CONCERNING THE TECHNICAL ASPECTS 
OF AN AGREEMENT ON THE CESSATION OF NUCLEAR WEAPORS TESTS 


General References 
A. Books and Journals: 


Brown, Harold 
Detection and Identification of Nuclear Explosions. 
Bull. Atomic Scientists 16, 89-92 (1960) Mar. 


The Detection of Nuclear Explosions. Bull. Atomic 
Scientists 16, 49 (1960) Feb. —e 


Fedown, E. K. 
Controlled Cessation of Atomic Weapons Tests. 
Bull. Atomic Scientists 15, 8-11 (1959) Jan. 


Mark, J. Carson 
The Detection of Nuclear Explosions. WNucleonics 17, 
no.8, 64-73 (1959) Aug. 


Murphy, C. J. V. 
Nuclear Inspection: A Near Miss. Fortune 59, 122-5 


(1959) Mar. 


Crear, J. 
Appraisal of the Geneva Talks. Bull. Atomic Scientists 
16, 50-1 (1960) Feb. <2, a 


Detection of Huclear Weapons Testing. Bull. Atomic 
Scientists 14, 98-101 (1958) Mar. so 


The Detection of Nuclear Weapons Testing. In Seymour 
Melman, ed. Inspection for Disarmament. WN. Y., 
Columbia University Press, 05- 


Rosenfield, A. H. and Orear, J. 
Test Ban: Two Views. Bull. Atomic Scientists 15, 
98-101 (1959) Mar. 


Wigner, E. P. 
Detection of Muclear Weapons Testing. Bull. Atomic 
Scientists 14, 233-4 (1956) June — 
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B. Reports and Documents: 


Conference of Experts to Study the Possibility of 
Detecting Violations of a Possible Agreement on 
Suspension of Nuclear Tests. 

Draft Conclusions on a 


Conference of Experts to Study the Possibility of 
Detecting Violations of a Possible Agreement on 
Suspension of Buclear Tests. 


Verbatim Record of the Meet 1, i - 
t e ol Mimeo. 

a or reference purposes at Library 

Congress. 


U. 8. Congress. Senate. Ccamittee on Foreign 
Relations. 


2. Atmospheric References 


A. Books and Journals: 


8. 
Rapid Method for Dating Nuclear Explosions. 
Bucleonics 15, no.7, 88-9 (1957) July 


Anderson, Robert V. and Serbu, G. P. 
Airborne Measurement of Atmospheric Conductivity 
in Pifteen-Day-Old Thermonuclear Debris. 
J. Geophys. Research 65, 223-6 (1960) Jan. 


Corie, Savo. 
Detection of Nuclear Explosions in Space 
Possible by Optical Means. Missiles and 
Rockets 5, no.32, 32-3 (1959) Aug. 3. 


Hunt, J. N., Palmer, R., and Penney, Sir William 
Atmospheric Waves Caused by Large Explosicus. 


Phil. Trans. Roy. Soc. London. Ser. A. 252, 
375-315 (1960) ao iD 


Khrgian, A. Kh. 
Large Explosions and Atmospheric Phencmens. 
Priroda 46, no.3, 31-7 (1957) Mar. (In Russian) 
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Kompaneets, A. 8. 
Radio Emission in an Atomic Explosion. Zhur. 


Eksptl'. i Teoret. Fiz. 35, 1538-b4 (1958) Dec. 


Also pub. in translation in Soviet Physics - 
JETP 35, (8) 1076-80 (1959) June 


Rocard, Y. 
Atmospheric Propagation of Powerful Acoustic 


Signals over Great Distances. Campt. rend. 
248, 3131-2 (1959) Jume 1 (In Fro h) 
Reports and Documents: 


Air Force Cambridge Research Center, Mass. 
Atmospheric Conductivity. Annex 4.6 of 
Scientific Director's Report of Atomic Weapon 
Tests at Eniewtok, 1951. Samuel C. Coroniti, 
G. R. Wait, andA. J. fale, 1951. 
(wr-71(De.}) ors 2 


Atomic Energy Commission, New York Operations Office 
Health and Safety Lab. 


Measurement of Off-Site Fall-Out 2 Automatic 
tort Stations. H. D. a 
Graveson, 1950. (WT-1186) OTS 


, Washington, D. C. 
Division of Biology and Medicine 


Remote Radiological Monitoring. §&. C. Sigoloff 
and H. M aes , 1950. WiT1509) OTS 
Chemical Warfare Labs., Army Chemical Center 


Description of Aerial Radiol cal Survey Methods. 
. P. Johnson red Morg » 1957 (CWLR-2174) 


Defense Atomic Support Agency, Washington, D. C. 
ess Report on the Altitude li 
Major rt . t ns, I Q 9. 5 


Federal Civil Defense Administration 

Battle Creek, Michigan 
Civil Defense Monitoring Techniques, Fred R. Relm, 
Carl A. Cinmamon, Roscoe H. Goeke, 1956. (WT-1164) 
OTS 


symbol "OTS" which appears at the end of report citations 
cates that this particular report may be purchased from the 
Office of Technical Services, Department of Commerce. 
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Los Alamos Scientific Lab., N. Mex. 
Air Fluorescence in the Upper Atmosphere and its 


Relation to the Detection of Nuclear lLosions 
in Space. D. R. Westervelt, 1959 CECE LOS) OTS 
Naval Radiological Defense Lab., San Francisco 


New Techniques in Radiochemical Determinations 
through ae Methods. D. L. Love, 1955 


USNRDL-TR-225 


Naval Research Lab., Washington, D. C. 
Atmospheric Radioactivity Studies at the U. 8. 
Naval Research Laboratory. L. B. Lochart, Jr., 
R. A. Baus, P. King, and I. H. Blifford, Jr. 
(WRL-5249) 


Also pub. in J. Chem. Educ. 36, 291-5 (1959) June 


Naval Research Lab., Washington, D. C. 
Radiochemical Analyses of Air-Filter Samples 
Collected During 1957. R. A. Baus, R. L. Patterson, 
Jr., A. W. Saunders, Jr., and L. B. Lockhart, Jr., 
1958 (NRL-5239) (AD-210052) 


3. High Altitude References 


A. 


Books and Journals: 


Able, W. G. and Edwards, L. C. 
The Source of Long Distance Back-Scatter. Proc. 
IRE 39, 1538-41 (1951) Dec. s 


Allen, Lev, Jr. and others 
Project Jason Measurement of Trapped Electrons from 
a Nuclear Device by Sounding Rockets. J. Geophys. 
Research 64, 893-907 (1959) Aug. 


Also pub. in Proc. Natl. Acad. Sci. U. S. 4 
1171-90 ago) ere 


The Argus riment. Trans. Am. Geophys. Union 40, 
301-11 (1959) Sept. 


Armed Forces Special Weapons Project, Washington, D. C. 
Effects of Muclear W - Ed. by Samual Glasstone. 
Washington, U. 5. ote Sane Commission, 1957 
(1958) S79p GPO 
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Christofilos, N.C. 


The Argus Experiment. J. Geophys. Research 64, 
869-75 (1959) Aug. 


Also pub. in Proc. Natl. Acad. Sci. U. 8. 45, 
1144-52 (1959) Aug. ave E 


Clark, E. 
Argus Radiation Hit 4000 Mile Altitude. Aviation 
Wk. 70, 26-7 (1959) Mar. 30 


Cummack, C. H. and King, G. A. M. 
Disturbance in the Ionospheric F-Region Following 
the Johnston Island Nuclear Explosion. Nature 154, 
32-3 (1959) Sept. 5 


Dieminger, W 
The Scattering of Radio Waves. Proc. Phys. Soc. 
(London) B. o4, 142-58 (1951) Feb. 


Hartsfield, W. L. and Silberstein, R. 
A Camparison of CW Field Intensity and Back-~Scatter 
Delay. Proc. IRE 40, 1700-6 (1952) Dec. 


Kellogg, P. J., Ney, E. P. and Winckler, J. R. 
Geophysical Effects Associated with High-Altitude 
Explosions. Nature 183, 358-61 (1959) Feb. 7 


Kimpara, Atsushi 
Ionospheric Disturbances with a ae Beginning 
Caused by an Atomic Explosion. _ rend. 2h8, 
2117-19 (1959) Apr. 6 (In acon 


Kono, T. 
Experimental Study on Scattered Echoes. 
Ionosphere Research Japan 4, no.3 fi950).= 


LaFond, Charles D. 


Top Scientists Find Argus Opening New Avenue of 
Experimentation. Missiles and Rockets 5, no.20, 


37, 40, 43-4, 47, 49 (1959) May 15 


Lawrie, J. A., Gerald, V. B., and Gill, P. J. 
Magnetic Effects Resulting from two High-Altitude 
Nuclear Explosions. Nature 184, 34,51-2 (1959) 
Sept. 5 


Lepechinsky, Dimitri and Davoust, Claude 
Some Effects of Nuclear Explosions on the Vertical 


Ionopheric Soundings. Compt. rend. 248, 1203-6 
(1959) Feb. 23 (In Fran 
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McNish, A. G. 
Geomagnetic Effects of High-Altitude Nuclear 


Explosions. J. Geophys. Research 64, 2253-65 
(1959) Dec. 


Maeda, Hiroshi 
Geomagnetic Disturbances Due to Nuclear Explosion. 
J. Geophys. Research 64, 863-4 (1959) July 


Malville, J. M. 
Artificial Auroras Resulting from the 1958 Johnston 


Island Nuclear Explosions. Geophys. Research 64, 
2267-70 (1959) Dec 


Mason, R. G. and Vitousek, M. J. 
Some Geomagnetic Phenamena Associated with Nuclear 
Explosions. Nature 184, 52-h (1959) Sept. 5 


Matsushita, 8. 
Geanagnetic and Ionospheric Phenanena Associated 
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